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ADVERTISEMENT 

FOR TBB 

IHntD STEREOTYPE EDITIOK. 



Thk circulation of this work requiring new stereotype 
plates, (for the third time,) the author has again, with mucli 
labor, revised the whole, and added such new matter, and new 
illnstrations, as the rapid advance of chemical science appeared 
to demand. Nearly all the old figures l^hicli remain have 
been re-engraved, and a large number of new ones added, so 
as to make the illustrations and embellishments, it is believed, 
equal to those of any work of the kind in market. 

The cuts have either been drawn by the author, or selected 
from foreign works, and chiefly from Fownes, Graham, Camp- 
bell, Mitscherlich, or Muller. The changes in the text required 
much lahor and attention, in order to make the terms cor- 
respond with the present chemical nomenclature. In many 
instances, where the new terms were such as not to be readily 
comprehended, the old terms are allowed to remain, with the 
new ones as synonyms. This was thought to be the most 
convenient plan for the pupils, since this edition may now be 
employed in classes with the former one. 

The new matter will be found chiefly in the elementary parts 
of the work, where many changes have been made, and many 
new illustrations added. 

IIastfo&o, Conn., April, 1853. 
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It is hardly necessary for tlie author of the following volume 
to make any excuses for its publication, since, notwithstanding 
the multiplicity of books on the same subject, there seems to 
be none which are exactly adapted to the object for which this 
is principally designed. The Conversations on Chemistry, and 
the works of Parke and Joyce, besides the interlocutory form 
in which they are written, are objectionable, in not containing 
the recent discoveries and improvements in the science ; and 
the volume of Dr. Turner, though free from these objections, is 
too large for the use of schools and academies. 

In this volume, it has been the intention of the author 
not only to avoid these objections, but, at the same time, to 
explain the elements and doctrines of the science in suflBcient 
detail, to give a competent knowledge of its several parts, 
and in such language as can be understood by those who 
will but road the book attentively, and pursue the subject in 
course. 

It appears to the writer, that in teaching Chemistry to 
youtli, Its elementary parts have not been sufficiently insisted 
on at the beginning. Of all the sciences, this is the » 
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complete, in respect to its language, the order of its arrange- 
ment, the succession of its subjects, and consequently, in ihe 
facility with which it may be learned. But from these per- 
fections, arises the absolute necessity of becoming well ac- 
quainted with its first principles, before the student can derive 
and retain any useful knowledge from its study. The nomen- 
clature of chemistry, the laws of afBnity, and the doctrine of 
proportions, are far more necessary to a proper knowledge of 
this science, than is a knowledge of mathematics to the study 
of astronomy. The cause of an eclipse, or the reason why the 
complicated motions of the earth should produce a change d 
seasons, can Tbe fully understood without the use of mathema- 
tics. But without a knowledge of affinity, and proporticHis, 
the decomposition of a salt, or the formation of a definite com- 
poupd, are absolutely incomprehensible phenomena ; nor can 
they be explained without a previous acquaintance with the 
peculiar language of chemistry. 

It is from a conviction of the importance of first -principles 
in learning this science, that the author has devoted so much 
attention to the imponderable agents, attraction, affinity, and 
galvanism, and to the explanation of definite proportions and 
chemical equivalents. 

The doctrine of definite proportions, being now universally 
adopted, forms one of the fundamental principles of chemical 
science. And whether the theory of atoms, which accounts 
for the facts on which this doctrine is founded, be true, or 
false, the doctrine itself will ever maintain its integrity, its 
elements being nothing more than the expression of feote 
which experiment and analysis have developed. The subject 
of proportions, independently of its relation to theory or prac- 
tice of Chemistry, is highly curious, and of uncommon in- 
terest, both to the naturalist and the moral philosopher. To 



FKEFAOX. Til 

the first it shows, that the hiws of nature are equally inherent 
and efficient, in dead and in animated matter, and that the 
effects of these laws are as peculiar and distinctiye in the 
formation of chemical compounds, as they are in the produc> 
tion and habitudes of the different races of animals. To the 
moralist, this subject teaches, that nothing has been formed 
by the fortuitous concurrence of atoms, but that even the 
^ stocks and stones^ hesix the impress of creative agency and 
design — that the air he breathes, and the water he drinks, 
are formed of invariable proportions of certain elements, and 
that these compounds are so predsely adapted to his nature 
and wants, that the least change in the proportion of their 
constituents would inevitably effect his destruction. 

Besi^ the charms which this subject presents to the re- 
flecting student, the composition of compound bodies, in recent 
books of chemistry, is expressed in equivalent numbers, and 
therefore can not be understood without a knowledge of the 
doctrine of proportions. The author, therefore, before the 
description of each element and compound, has affixed to its 
name, at the head of the sections, its combining number, or 
atomic weight. By this arrangement, the pupil, at a single 
glance, becomes acquainted, not only with the scientific, and 
common names, but also with the composition and propor- 
tions of all the compounds described. 

In respect to the authorities which have been consulted in 
the composition of this work, the principal are. Dr. Thomson, 
Dr. Henry, Sir H. Davy, Mr. Gray, Dr. Ure, Mr. Accum, Mr. 
Faraday, the Library of Usefxil Knowledge, the Journal of the 
Royal Institution, Silliman's Journal, and Dr. Turner. 

Of the work of the latter author, free use has been made, 
his arrangement of subjects, with some variations, having been 
adopted, and his exposition of the doctrine of proportions care- 
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fully consulted. The work now offered, is not, however, to be 
considered as a servile compilation ; the former experience 
of the author as a lecturer, and his habit, for many years, of 
analyzing various substances, having given him opportunities, 
hot only of verifying the deductions of others, but occasionsllj 
of making new experiments for himselt 

Haktfoed, Conn. 
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10 EXPLANATIONS. 

hydrogen, a quantity of water will be formed. This is called 
synthesis, or the recomposition of water from its elements. 
Thus, all knowledge of this science is obtained by experiinent./ 
\ As a science, chemistry is intimately connected with a great 
variety of natural phenomena. All satisfactory explanation of 
the causes of rain, hail, dew, wind, earthquakes, and volcanoes, 
have been given by the aid of chemical knowledge. The phe- 
nomena of respiration, the decay and growth of plants, and the 
functions of the several parts of animals, are also explained in a 
satisfactory manner, only by the aid of chemistry. \ 

3. As an art, chemistry is connected, more or less intimately 
with nearly every branch of human industry, and particularly 
with agriculture and manufactures. In its application to agri- 
culture, chemistry furnishes the most direct and cert^n means 
of ascertaining what a barren soil wants to make it a fruitful 
one, and also what ingredient any soil requires to best adapt it 
to any given kind of produce. Many of our most common and 
useful articles are manufactured entirely by chemical processes. 
The making of soap, glass, bleaching salts, the several kinds of 
acids, and almost every kind of medicine, depend wholly on the 
manipulations of chemistry. /The art oi the potter, iron- 
smith, tanner, • sugar-maker, distiller, brewer, vintner, paper- 
maker, and painter, are also connected in various degrees with 
chemistry. * 

4. Number of chemical elements. — We have already seen 
that an element is a body or substance which has not been de-. 
composed. Formerly, the number of such bodies known to 
chemists were quite small, but the advance of science and the 
skill of practical chemists have shown, that many articles once 
considered elements were really compounds ; having, many of 
them, by new methods of manipulation, and new re-ag^nts, 
been resolved into several elementary bodies, j Within the last 
ten years the number of known elements have! been increased 
from about fifty to upward of sixty. [See Table of Elementary 
Substances.^ \ 

\ Natural ajwects may be separated into two great divisions, or 
classes, viz. :iimponderable agents and Ponderable bodies. | 

What is synthesis 1 What are among the natural phenomena which chemistry 
explains 1 What are among the moat important arts which derive advantage from 
chemistry 1 What is said of the number of elements? How are natural objects 
divided 1 

/ 
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PART I. 



CHAPTER II. 

IMPONDERABLE AGMT8. 

' 6. The imponderable agents are Light, Caloric, or Heat, 
Electricity, and Gulvanism. / These are called the imponderable 
agents, because they possess no appreciable weight. /The in- 
vestigation of many of the properties of these agents, and par- 
ticularly those of light and attraction, belong to the several de- 
partments of natural philosophy, but they each possess proper- 
ties also, which are strictly chemical, and it is these properties 
only, which it is proposed here to examine. 

CALORIC. 

§ 

6. Hbat is ihe sensation which one feels when he touches a 
body hotter ^than the hand ^and this sensation is caused by the 
passage of caloric from the not body to the hand. J Thus caloric 
is the cause of the sensation which we call heat, md heat is the 
efl^t of the passage of caloric into the hand, i Caloric, then, is 
the matter or principle of heatjl while heat is the sensation pro- 
duced by the transfer of this principle to the living system, 
from some body hotter than itself. | 

I Caloric is imponderable ; that is, there is no appreciable dif- 
erence in the weight of a body, whether it is hot or cold. / 

This principle seems to be present in all bodies, nor is there 
any known process by which it can be separated from any sub- 
stance. I For, since heat constantly passes from the hotter to the 
colder btdy, until every thing in the same vicinity becomes of 
an equal temperature, so if we take a substance at a tempera- 
ture however low, aud carry it to a place where the tempera- 
ture is still lower, this substance will give out heat until its 
temperature becomes the same with that of the surrounding airy^ 
For instance, if a piece of ice at 32 degrees of temperatur^ 

What are the imponderahle agents! Why are these agents called imponderahle 1 
When one touches a hody hotter than his hand, why does he feel the sensation of 
heat"? What is cnloricl What is heati How is it proved that caloric is impon- 
derable 1 How is it shown that caloric is present in all bodieal Wlvat VUu«.t«X\»cA 
iiiovr that ice will emit caloric? 
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called caloric of fluidity^ because, in the conversion of solids 
into fluids, a quantity of heat is absorbed which is not in- 
dicated by the thermometer, and which, therefore, becomes 
latent in the fluid. 

The experiments of Dr. Black, in relation to this subject, are 
highly curious and interesting. These experiments prove, that 
if a pound of water, at 32 degrees, be mixed with a pound of 
water at 172 degrees, the temperature of the njixture will be 
intermediate between them, and therefore 102 degrees. But 
if a pound of ice at 32 degrees be mixed with a pound of water 
at 172 degrees, the ice will soon be dissolved, and then, on ap- 
plying the thermometer to the water thus formed, it will be 
found at the same temperature that the ice was before the ad- 
dition of the warm water, and therefore at 32 degrees, instead 
of 102 degrees, as before. In thj^ experiment, therefore, the 
pound of hot water lost 140 degrees of caloric, which is em- 
ployed in melting the ice, and which is not appreciable by the 
thermometer, but remains latent in the water. It follows, then, 
that a quantity of caloric becomes insensible during the melt- 
ing of ice, which, were it fre^, or uncombined, would raise the 
temperature of the same weight of water 140 degrees; for, the 
ice being at 32 degrees, and the water at 172 degrees, at the 
beginning of the experiment, and the whole being at 32 de- 
grees at the end, the water loses jl 40 degrees,^being the excess 
of 172 degrees above 32. i J 

12) It is well known, that if a piece of ice be exposed to the 
rays of the hottest sun in the summer, or if it is placed in a 
vessel over a fire, the temperature of the ice, or of the watei 
flowing from it, will not be raised above 32 degrees, until the 
ice is all melted, when the thermometer placed in the vessel 
will instantly begin to rise. I Those who have melted snow, oi 
ice, for culinary or other purposes, are well aware how much 
more time and fuel it takes to obtain a vessel of boiling watei 
from ice, than it does from the liquid itself. But this feet is 
readily accounted for by Dr. Black s experiment, since we have 
seen above, that 140 degrees of heat are first employed merely 
in converting the ice into water, and that this caloric does nol 
raise the water one degree above the freezing point, or 32 de- 
grees, until all the ice is melted. I 

13. This principle is of vast consequence to the world, anci 

How many degrees of heat become latent daring the conversion of Ice into water ' 
flow is this shown by experiment ? What common fact shows that the temperature 
of water can not be raised as long as it contains ice 1 
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particularly to the inhabitants of cold climates, where the 
ground is covered with snow and ice, a part or the whole of the 
year. In some northern climates, and particularly in Russia, 
the transition from the cold of winter to the heat of summer 
takes place within a few days, the ground being covered several 
feet deep with the accumulated snow of the winter. Now, 
were it not for the fact above explained, and did the snow and 
ice follow the same law, in respect to temperature, that we ob- 
serve in some other bodies, this whole mass would be turned 
into water nearly as soon as the temperature of the atmosphere 
became above 32 degrees, and consequently the whole country 
would be inundated and destroyed by the flood. 
^ But in consequence of the quantity of caloric employed in 
Uie liquefaction of the snow, the melting is gradual, and no 
such accident ensues.yThis is a striking. instance of the wisdom 
and mercy of Provi<fence toward man, though to most of the 
world it is unseen and unknown. 

\ We have mentioned the melting of ice, as being the most 
&miliar example, in most parts of our country, of the conversion 
of a solid into a fluid. But the principle holds with respect to 
the conversion of other solids into liquids, though the quantity 
of caloric required for this purpose varies with the substance. 

From the experiments of Dr. IrWne, it appears that the fol- 
lowing named substances vary in this respect very widely, and 
aUo very unexpectedly. Equal weights of each substance are 
supposed to be employed in the experiments : the degrees in- 
dicate the extent to which each would have been heated by the 
caloric of fluidity proper to it. Sperniaceti, 145 degrees ; lead, 
162 degrees; beeswax, 175 degrees; zinc, 493 degrees; tin, 
500 degrees ; bismuth, 650 degrees. I 

14. Natcrb of HEAT.-/-Of the nature of this universal and 
most important agent, there have been suggested two opinions, 
viz.: Ist. Tliat it is material, or composed of particles of matter, 
though so nearly imponderable as not to be weighed by any 
means in our power. 2d. That it consists in nothing more 
tlian a quantity of matter pervading all space, and that its 
offi?ct8 are produced by undulations. We can not here examine 
these theories, but only mention them that the student may 

Wliar circiimBtances are mentioned under which the great quantity of caloric 
abMjrbfd by melting ice, in a bleBsing to mankind I When the te'^P*''^^*"!'" ?,' ' "® 
atmoBphere in above the freezing point, why docB not the snow and '".;"''"}."Xl.in 
turn to water I In mcltinu, do other FolidH besides ice absorb » q"f' 'V'/ Saturn Ivf 
ool appreciable by the thermometer 1 What two opinions about tuc nature of 
beati 
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understand more clearly some of the phenomena of heat which 
we shall mention. 1 7 ' 

15. Different kinds of heat. — Some facts which we wit- 
ness every day are curious illustrations of what might be con- 
sidered as different species, or sorts of heat. Thus, the window 
glass which admits the light and heat of the sun into our 
rooms, are not at all heated thereby ; the heat seeming to pass 
through their solid substance without diflSculty, leaving none of 
its particles behind. But if the same glass be transferred to the 
front of a fire of the same temperature as the rays of the sun, 
the glass soon becomes so hot as to bum the hand. Such being 
the difference between natural and artificial heat in their effects, 
the one passing freely through transparent bodies which almost 
entirely intercept the other. 

16. Heat by friction and compression. — Ktwo dry sub- 
stances, whether hard or soft, be rubbed together, heat is the 
consequence. Savages, even, kindle a fire by rubbing two dry 
sticks together ; and every one knows that the hand becomes 
warm by rubbing it on the sleeve of a garment. When air is 
suddenly compressed, it emits so much heat as to ignite various 
substances, of which an illustration is given by Fig. 16. In this 
case it is supposed that the caloric is forced out of the air by 
increasing its density, and thus diminishing its capacity for 
caloric, and on the same principle that friction converts latent, 
into free heat, by pressing the air along the surface rubbed. 
But Sir H. Davy succeeded in melting two pieces of ice, by 
rubbing them together in the vacuum of an air-pump, while the 
temperature where this curious experiment was made was below 
32 degrees, showing clearly that at least an ice-melting heat was 
developed by the friction. It is difficult to reconcile the results 
of this experiment with the theory that the product of heat by 
friction and compression is owing to the diminution of capacity 
to retain caloric. 

17. Pictet found that two pieces of brass rubbed together 
produced less heat than one piece of brass and another of wood, 
and that the heat was highest when two pieces of wood were 
Used. The same philosopher found that solids only produced 
heat by friction, and that no change of temperature was pro- 
duced when a solid acted mechanically on a liquid, or liquids, 
on each other, or when air or gas was forced ever so strongly 
on a solid, or liquid. 

What are the effecta of naiaral and artificial heat on glass 1 What is said about 
heat bjr fnctioa and compression 1 
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STEAM. 

18. When water, or other liquids, are converted into steam, 
a large quantity of caloric is absorbed, which is not indicated 
by die thermometer, and which, therefore, becomes latent in 
the steam. 

If a thermometer be placed in an open vessel of water, over 
a fire, there will be indicated a gradual increase of heat until 
the water boils, after which no increase of the fire will raise the 
temperature of the water another degree ; nor does the steam, 
arising from a vessel of water which boils violently, indicate a 
greater degree of heat than the water itself, or of the steam 
arising from another vessel which boils moderately. The steam 
conveys away all the heat above 212 degrees of Fahrenheit's 
thermometer, which is the temperature of boiling water under 
the ordinary pressure of the atmosphere. 

The quantity of caloric which combines with the water to 
form steam, is nearly 1000 degrees greater than that of the 
same weight of boiling water. In other terms, the caloric of 
fluidity in steam surpasses that of an equal weight of boiling ^ 
water by nearly 1000 degrees. Consequently, there is nearly 
1000 degrees of heat in steam which is not indicated by the 
thermometer, and is therefore latent. 

19. Br THE APPARATUS, FiG. 1, THE LATENT HEAT IN STEAM 

BECOMES APPARENT. — The Small 
glass retort, a, is kept boiling by 
means of a spirit lamp. From 
the retort, the tube b, bent at 
right angles, dips into cold 
water contained in the jar c, 
aud by which the steam is con- 
di-nsod. Now, the heat ab- 
sorbed from the fire, through 
the water, to form the steam, is 
pven out to the cold water as 
fast as I he steam is condensed. 
Ihe cold water must, therefore, 
have its temperature gradually 
raihtnl until it reachos 212 de- 
grft-s, the boiling i)oiiit, after which no more steam will be con- 

W.v ran not water, Innn open vessel, be lieaied hi>her than '212 'i'Jtf^fJ ]l°^ 
mtijiy»l«tfriiii of heat dot« httum contain, which in not Indicated by tno iner* 

Buirnttwr I 

0¥r 
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densed, the water boiling in the jar, as well as in die tetort. 
"When this occurs the proceas moat cease. 

Now, assuming that the jar e contained eleven culao inchw 
of water at 32 degrees, lit the begiuning of the experiment, and 
thirteen inches at the close, at 2 1 2 decrees, then the water in the 
jar would have increased two cubic inches, having gained thk 
from the condensation of the steam from the retort. The latent 
heat, therefore, contained in two cubic inches of water in the 
form of steam, has raised the eleven cubic inches in the jar from 
32 degrees to 212 degrees. We may therefore, says Mailer, 
(from whom this experiment is taken,) eip'ess the result of our 
experiment in the following manner. The amount of heit 
necessary to convert a definite quantity of water from 212 de- 
grees into steam at 212 degrees, suffices to raise the temper- 
ture of a mass of water five and a half times greater, {nnn 33 
degrees to 212 degrees. 

20. Stbam-enoisb,— The me- "<'■ "■ 

chaoical details of the steam-en- 
gine must be looked for in other 
books, our object here being 
* merely such a descriptiop as to 
enable the pupil to comprehend 
its principles. 

This complicated machine con- 
sists essentially of a cylinder of 
metal, a, Fig. 2, in which works 
a solid piston also of metal, the 
rod of which passes air-tight 
through the stuffing box 6, at the 
top of the cylinder. The piato'n 
is connected with the machinery 
to be put in motion, as the pad- 
dlo-wlieols of a steamboat, either 
directly, or by the iuterventjon of 
an oscillating beam. 

A pipe communicates with the 
interior of the cylinder, leading to 
a large vessel c, surrounded with 
cold water, and called the eon- 
dmaer. Into this a jet of cold 

DcKribe lb* FipFrimFtit of MUllFr lo (hD« Ih 
UtBrLbe ttat principle oflbe tleam-oniin*. \ 
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20 STEAM. 

boiling, when conducted in a tall, glass vessel, over an Argand 
lamp, may be minutely examined, and is both interesting and 
instructive. 

It is found by experiment, that different fluids at the snrfaee 
of the earth, boil at different temperatures, depending genendlj 
on the specific gravity of the fluid, and also, that the same fluid 
boils at various temperatures, depending on the degrees of at- 
mospheric pressure. Thus, under the same pressure of the 
atmosphere, or on the level of the sea, water boils at 212 de- 
grees; ether at 100 degrees; alcohol 173 degrees ; nitric acid, 
of the specific gravity of 1,450, at 240 degrees, and water, 
saturated with sea salt, 216 degr.ees. 

We may observe, tiiat in these instances, the boiling of a 
fluid seems to follow a general law depending on its spedfic 
gravity. This is strictly the case in respect to tiie boiling point 
of sulphuric acid, which always requires a temperature for ite 
ebullition in a direct proportion to its specific gravity. 

Thus, according to Dr. Dalton, sulphuric acid, sp. gr. 1,450, 
boiled at 240 degrees, while that of sp. gr. 1,670, boiled at 360 
degrees ; that of 1,780, at 435 degrees, and that of 1,850, at 
620 degrees. 

.The boiling point of a fluid is not, however, in all cases, to 
be estimated by its specific gravity, the fixed oils requiring much 
higher temperatures for their ebullition than other fluids of the 
same densi'y. Thus, linseed oil boils at 640 degrees, though 
its specific gravity is less than that of water; and mercury 
boils at about 660, though its specific gravity is about fourteen 
times that of water. 

That water, or any other fluid, will boil with a less degree ot 
heat, in proportion as the weight of the atmosphere is removed, 
may be readily proved by means of the air-pump, or by ascend- 
ing up a mountain, where the air is less dense than it is on tRo 
level of the sea. , • 

The most simple illustrations of this subject, with the air- 
pump, may be made by means of a small vessel of ether; for 
if thisl)e placed under the receiver, and the air exhausted, the 
fluid will boil, or turn to vapor, during ordinary temperatures 
of the atmosphere. See Fig. 5. 



On what doe«-4he boiling temperature of fluids generally depend 1 Wliy is the 
boilmg temperatul* of water, saturated with salt, hi^'her than thai of pure water 1 
What is sajU concerning the influence of specific gravity on the boiling temperature 
of linuidsl Under what circumstances will water boil at a less temperature than 
212 degrees 1 How may the pressure of the atmosphere be removed from a vessel of 
water, without the use of an air-pump 1 
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24. To UAKE WATER BOIL BT coouKO IT. — If a vessel of hot 
water, instead of the ether, ha placed under tlio receiver And 
the air withdrawn from it, the water will coatiuue to boil until 
its temperature is reduced down to 70 degrees. 

In the ftbsenco of an air-pump, the same no. 3. 

principle may be strikingly illustrated as 
fwllows : Adapt a good cork to the glass 
Oask, Fig. 3, so as lo make it air-tight, 
put a gUl or two of water into it, and ap 
ply the heat of a lamp until it boils. After 
it Las boiled for a short time, introduce iLe 
cork, and at the same time take the flask 
from the fire. It will continue to boil for a 
few minutes after its removal. When the 
cbullilaon has ceased, it will boil again vio- 
loiitly oo plunging the flask into a jar of 
cold water, as seen in the flgure. On taking 
it out of the water the ebullition will cease, 
but will instantly recommence if again plunged into the water; 
and this may be continued until the flask is nearly cold. 

In thb expenment, the boiling is continued in consequence 
of the partial vacuum which is occasioned by the condensation 
of the steam with which the flask was at first filled. If the 
flask be taken from the vessel of cold water, and plunged int« 
one of hot water, the bulling will instantly cease, because the 
liuai will convert a portion of the water in the flask, which had 
bvf'ii condensed, into steam, and thus the partial vacuum, which 
li:id been formed, will ba filled with vapor, the pressure of 
which will prevent further ebullition. 

Til is principle is beautifully illustrated by the fact, that the 
lii;^lier wo ascend from the surface of the earth, the lower will 
Ih; th« temperature ai which water boils. The reason is ob- 
vii^iu ; the jiressure of tlie atmosphere diminishes iu proportion 
^> the asc.:ut, and (he bulling temperature sinks in proportion 

25. PuEsoMesA Of BOiLiso os a moustais. — Upon this 
principle is Constructed tlie Uterrnometric barometer, which in- 
<lii;aU.ij the eluvatiuu of any place above the level of the sea, by 
lliii biiiiperature at which water boils at that elevation. By ex- 
jivrinu-iil, it has been found that a dillurenco in elevation, 
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amounting to nearly 520 feet, makes a difference of one degree 
in the boiling point of water. A traveler, therefore, who as- 
cends a high mountain, may ascertain nearly his elevation by 
the temperature at which he finds his tea-kettle to boil. Thus, 
Saussure found that at a certain statioU on Mount Blanc, water 
boiled when heated to 187 degrees. This being 25 degrees 
less than its boiling, point at the level of the sea, allowing 
520 feet for every degree, would give an elevation of 13,000 
feet. This method can not, however, be very accurate, since the 
weight of the atmosphere at the same place varies at different 
times about tliree inches of the barometric guage. [See 
Natural Philosophy^ article Barometer^ 

26, Evaporation". — During the process of ebulHtion, there 
is a rapid formation of vapor, attended by more or less commo- 
tion in the liquid. Evaporation also consists in the formation 
of vapor without heat, but the process is so slow as not to oc- 
casion any visible commotion in the fluid. Evaporation takes 
place, even during the coldest seasons, while ebullition requires 
various degrees of heat, or at least the removal of atmospheric 
pressure. 

To prove that evaporation takes place at ordinary tempera- 
tures, nothing more is necessary than to expose a quantity of 
water to the open air in a shallow vessel, when the fluid will be 
Tound gradually to diminish, and finally to disappear entirely. 
There is, however, a great difference in the rapidity with which 
different fluids evaporate, and in general it is found that those 
whose boiling points are lowest disappear most rapidly. Thus, 
ether and alcohol evaporate much more rapidly than water. 

The chief circumstances which influence evaporation are, ex- 
tent of surface, and the state of the atmosphere in respect to 
temperature, moisture, and dryness. 

As evaporation takes place only from the surfaces of fluids, it 
is obvious that its rapidity must, under equal circumstances, be 
in proportion to this extent of surface. Thus, a given quantity 
of water will evaporate four times as soon from a vessel two 
feet square, as it will from a vessel of one foot square. In 
respect to temperature, it hardly need to be remarked, that 
fluids evaporate more rapidly in warm than in cold situations, 



How may a traveler, who ascends a high mountain, ascerfain nearly his elevatior 
by the boiling of a tea-kettle ? What is evaporation 1 How is it shown that evapora 
liou takes ulace without the a:d of heat! What relation does there stem to he be 
fween me boiUnsf point of a lluid and its evaporation 1 What are ilie chief circum 
■taocet which influence evaporation 1 
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and that the process is hastened in proportion to the degree of 
heat employed. 

Fluids evaporate much more rapidly in a dry, than in a damp 
atmosphere. Even when the season is .cold, if the air be dry, 
this process goes on rapidly, while it is comparatively slow 
during the warmest seasons, if the air is already saturated with 
moisture. 

As evaporation consists in the formation of vapor, and the 
subsequent removal of successive portions of the evaporating 
fluid by the air which comes into contact with its surfece, it is 
obvious that the process must be more rap^d in a current of air, 
than it is in a place where the air is still. And hence, we find 
by experience, that evaporation is more rapid in the open air 
than in the house, and that, under equal circumstances, is more 
speedily eflfected during a strong wind. 

27. Steam absorbs Caloric.: — We have already explained, 
that one of the peculiar circumstances attending the formation 
oi steam, is the large quantity of caloric which it absorbs and 
carries away. Now if appear?. By experiment, that the con- 
version of fluids into vapor always requires large quantities of 
caloric, which becomes latent in the vapor, however slowly the 
process is carried on, and hence, under ordinary circumstances, 
evaporation, by conveying off the heat, has the effect of gener- 
ating cold. To make this fact sensible, by experiment, we h^jk 
only to pour a little ether on the hand, when a strong sensati^ 
of cold will be felt during its evaporation. When our clothes 
are wet by a shower of rain, we feel cold for the same reason, 
but the sensation is less strong, because the evaporation of 
water is not so rapid as that of ether. 

It has been explained that water boils at a lower temperature, 
in proportion as the pressure of the atmosphere is removed. 
For the same reason, evaporation under equal circumstances, is 
most raijid when the weight of the atmosphere is removed, as 
under the exhausted receiver of the air-pump. 

The cooling eftucts produced by the evaporation of water in 
the -open air are not strikingly apparent, because the process is 
comi)aratively slow, and, therefore, the quantity of caloric car- 
ri«*d away from a body in any given time, is but little more than 
it rrc<Mv<»s from surrounding objects. But when water is placed 

l> evnjMirairon m<»« mpitl \u hot or cold weather? In what does evaporation con- 
■tvt I Why iw fvaporntiuii more rapid in (he op<'n air than in che liousel V^hat is 
M'li coiirirniiiitf liie lat«ul heat of vapor? How iHCold produc«d by evaporation 1 
lh>*-n the pr.-wiire nf the ainioRphf re influence this process 1 Whv docH not tho 
ev4|Ktraiiou o( water from tha turfad: of the earth pru(\uc6 inunvv caAvX^ 
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in a vacuum, its evaporation is very rapid, and did not the vapor. 
from it till the vacuum, and thus prevent further evaporation, 
the hent would be carried away so rapidly ns soon to turn the 
water t^ ii .j 
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28. CnvopHORca. — This curious effect is produced by raeau 
i.'f an instrunaent invented by Dr. WolJaston, and called the 
■: ' ryopkorui, or Frost-bearer, Fig. 4, It consists of two glass 
'^m, as free from air as possible, and joined together by a glass 
tii^.;. One of the balls eontwns a portion of distilled wat«r, 
while the other parla of the instrument, which appear empty, 
are full of aqueous vapor, which prevents the further evapora- , 
tion of the water, by the pressure the vapor eiertfi on it. But 
when the empty ball is plunged into a freezing mixture, all the 
vapor within it is condensed ; and then tlie evaporation becomes 
80 rapid from the water in the other ball, as to freeze it in a few 
minutes. To make this experiment succeed, the tube should 

^ a yard long, the balls holding about a quart each. The 
jfcne effect on water will be produced by the evaporation of ■ 
ether under the e.\hausted receiver of an air-pump. 

29, To FREEZE WATER VT BVAPORATIOK, ^^^- ^ 

This experiment may be conveniently made 
by placing a little wrier in a glass cup, and 
covering it with elln'^i;, afterwhiA su-spend the 
cup within the rec'I'^or of the air-pump, as 
shown at Fig. 5. On exhausting the receiver, 
the ether will boil, in consequence of its rapid 
evaporation, and in a few minutes the water 
will be frozen. 

Evaporation takes plwo constantly, fii>m 
the surfaces of our bodies, and it is owing to 
this drcumstance that men are enabled to un 
dergo exercise during the heat of summer. 

In general, tlie more violent the exercise, 

How may Ihe sraporalTon of wiicr be mmte k> r.pid hh io 
Whol 18 Iha Inelriimenl. Fig, 4, called 1 How msj waltr be fro 
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the greater is the quantity of perspiratioD, arising from the sur- 
face, and consequently the greater the quantity of heat carried 
away. In this manner nature regulates the heat of the system, 
and during health sustains the equiHbrium of animal tempera- 
ture. Whenever this exhalation from the skin is suppressed, 
which only results from disease, the temperature of the system 
rises, and fever succeeds. In some cases of this kind, the heat 
of the human body exceeds that of the standard of health by 
seven or eight degrees. 

The natural temperature of the human body in health, is 
about 98 decrees, and whenever the heat of summer is equal 
to that of the body, it becomes exceedingly oppressive. The 
least exertion then brings on copious perspiration, which, in- 
deed, prevents the immediate consequence of a higher animal 
temperature, but which is generally succeeded by languor aSd 
debility. 

30. Animals resists heat and cold. — It is a wonderful 
fiict, that the living animal has the power of resisting both heat 
and cold, and of maintaining its own temperature, whatever 
may be the temperature of the air or water m which it is im- 
mersed. Sir Joseph Banks, and Sir Charles Blagden, found by 
experiment that they could endure for a short time the heat of 
a room, the temperature of which was 264 degrees, that is, 52 
degrees hotter than boiling water. These genuemen found that 
their hands could not bear the heat of their watch-chains, or 
metallic buttons, but that their chests felt cold, and that the 
temperature of their bodies was not elevated above 98 degrees. 
In this room, egg& placed in a tin frame, were roasted in 
twenty minutes, and bee&teak was w^U cooked in about the 
same time. 

CONDUCTORS OF CAXX>RIQ. 

81. Some bodies have the power of conducting caloric much 
mors rapidly than others. Thus, ope can hardly hold a brass 
pin for a moment, in the flame of a lamp* without burning his 
finipers, while a piece of glass of the same size, may have one 
of Its ends melted, without warming the other. ' 

Bodies which are most dense are generally the best con- 
ductors. Thus the metals conduct better than stones ; stones 

How doM penpiration relieve u> from the eflre(^t0 of exctMive heat 1 What is the 
eflrcc of suppressed perspiration on the temperature of our system 1 Whut is said 
of lbs power of animals to resist bsat as well as cold 7 What striklnR iUuirtration is 
fftvto of the power of men to resist beati What bodies are (enerally the beat oqiv 
doMon ot htetl Am Um most d«ntf bodJas aJ wajs tha XtntL ooim1uciqt« o\ >«u.> 

S 
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better than eartli ; earth bettor than wood ; and wood better 
than charcoal, cloth, or paper. But in particalar cases there is 
no relation between the density of the body, and its power to 
conduct caloric. Thus platina is the most dense of the metals, 
and still it is one of the worst conductors among them ; and 
^lass is a worse conductor than many substances of less than 
hilf its density. 

The following table presents the relative conducting powers 
of the most important metals, and a few other substances. 
The experiments by which these results were obtained, appear 
to have been conducted with much care. The substances were 
made into prisms of the same size and length, and while at one 
end the same degree of heat was applied to all, the temperature 
of each was seen by little thermometers, all graduated alike, the 
bulbs of which were set into the substance of each prism. By 
such means the following results were obtained : 



Gold, 


. 1,000 


Tin, ... . 


. 804 


Silver, . . 


. . 973 


Lead, . . . 


. 179 


Copper, . 


. . 898 


Marble, . . , 


24 


Platinum, . 


. . 381 


Porcelain, . . 


12 


Iron, . . 


. . 374 


Fine Clay, . , 


11 


Zinc,' . . 


. . 363 







Solid substances, such as the metals, conduct caloric in all 
directions, whether upward, downward, or sideways, with 
nearly equal facility. 

32. Porous bodies bad coin>ucTORS. — Of all solids, those 
whi«h are most porous conduct heat with the least facility. It 
is on this account that flannel is warmer in the winter than silk 
or linen. It does not so readily conduct away the animal heat. 
It is owing to the air, which loose spongy substances involve, 
that they resist the passage of heat better than those of a closer 
texture. Thus eider-down, and fur, make the warmest cloth- 
ing, because they contain the most air among their parts, and 
for the same reason cotton batting is much warmer than the 
same weight "of cotton cloth. 

33. Warmth op snow. — The imperfect conducting power 
of snow also arises from the above cause. When newly fiailen, a 

How are the conducting powers of diflTerent bodies mscertaioed 1 What kind of 
solids are the worst conductors of caloric 1 Why do loose spongy bodies conduct 
beat more slowly than others 1 Why is cotton batting wanner than the same weight 
of cotton cloth 1 In what manner does snow protect the earth from the coU of 
winter 1 -• 
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great proportion of its bulk consists of the air which it contains, 
as may be readily proved by the comparatively small quantity 
of water it makes when melted. Such a provision was designed 
for the benefit of man, in preventing the destruction of various 
products of the earth during the cold of winter. Farmers, in 
cold climates, always lament the nakedness of the earth during 
the winter, because many of their crops are in consequence in- 
jured by its severity. So great is the protecting eflfect of snow, 
that in Siberia, it is said, when the temperature of the air has 
-been 70 d^ees below the freezing point, that of the earth, 
imder the snow, has seldom been colder than 32 degrees. 

Our ordinary sensations every day convince us of the differ- 
ent powers of various substances to conduct heat. In the win- 
ter, the different articles in a cold room convey very different 
sensations to the hand. A pair of tongs will conduct away so 
much heat from the hand as to give a sensation of pain, while a 
piece of fiir, or flannel, scarcely feels cold, and yet both ai*e of 
the same temperature, when t^ted by the thermometer. 

34. Conducting power of liquids. — Liquids communicate 
heat with considerable rapidity, though they conduct it so im- 
perfectly that Count Rumford, after many experiments, con- 
cluded that they were absolutely non-conductors. 

Liquids convey heat chiefly by a change of place ainong their 
particles. When a vessel of water is placed over the fire, that 
portion of the fluid nearest the heat having imbibed a portion 
of caloric, becomes lighter than before, and rises upward, com- 
municating a part of its heat to the portions above. At the 
same time, that whi<^h is above sinks to the bottom of the ves- 
sel, and having obtained its portion of caloric, again rises, 
giving out a share to the surrounding fluid, like the former. In 
this manner does the water in the differ^t parts of the vessel 
exchange places until the whole gains the temperature of 212 
degrees. 

35. Illustration. — ^The manner in which water circu- 
lates on the application of heat is readily made apparent as 
follows : 

Into a thin glass flask, as shown at Fig. 6, containing water, 
pour a small quantity of insoluble powder, ^ pitch or rosin, 
which is nearly of the specific gravity of tue water. When 

Wli.il lit Mid lo have bfcn the clilTi'rence bHwreii the temperattire of the air, and 
flic rarth c<«\ m d with mdow, in Siberia 1 Why ducH a ^&\r of Ioiira ft-cl culd, wlicn 
a ptrct: u( llaiiiii'l or fur, at the same temperature, gives uo iMuiiatiou 1 Uow do 
Ikiuuia coitvvy caloric 1 
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placed over the heat of a lamp, the 
drculation of the particles will soon 
begin, rising in the center, where the 
beat is stroDgeat, and falling near the 
aides, as shown by the figue. 

Of course, the water rises and &i11b 
in the manner shown, without the 
particles, these only serving to make 
its motion more apparcDt. Even 
when the fluid boils, the same circu- 
lation will continue, if the heat of the 
lamp remains in the center of the 
vessel, because the heat over the 
flame is greater thui at the sides of 
the vessel. 

36. But though fluids convey heat 
chiefly by exchMiging the places of 
tiieir partdcies, yet they are not 
wholly without the power of con- 
ducting it in any direction. 

Count Eumford, we have already 
stated, decided from hia experiments 

that liquids were perfect non-conductors of heat; but Dr. 
Murray, and since him, other experimenters, have estaUished 
the contrary doctrine. Dr. Murray's apparatus consisted of 
& vessel of ice, at the bottom of which was placed a delicate 
thermometer. The vessel was then partly filled with oil, 
at the temperature of 32 degrees, so as to cover the bulb 
of the thermometer ; and nearly touching the oil, was suspended 
an iron cup, into which was poured a quantity of boiling water. 
In seven and a half Miinutes the heat from the water had raised 
the thermometer from 32 degrees to 37^ degrees, when it be- 
came stationary, and then gradually began to fall. 

87. Dr, Hope placed water in a vessel of ice ten inches in 
diameter, and so contrived his apparatus, that a stream of cold 
water should circulate around this vessel, to prevent its oon<bict- 
ing power from affecting the result. He then applied hem to 
the upper Hurf^ of the water in the vessel, and found by the 
indications of a thermometer placed in it, that the fluid con- 
ducted the caloric downward. 




XZPANSION BY HEAT. 29 

By such nice experiments only, has it been ascertained, that 
fluids conduct heat downward ; while under all ordinary cir- 
cumstances, they may be considered perfect non-conductors. 

EXPANSIVE POWER OF HEAT. 

38. One of the most remarkable properties of heat arises from 
the muttud repulsion of its particles, so that when it enters into 
other substances, it overcomes the cohesive attraction of their 
parts, making them less dense than before, and thus enlarging 
their dimensions. In general terms, therefore, heat expands all 
bodies. The ratio of mis expansion, however, differs greatly in 
different substances. Thus, with the same increments of heat, 
fluids expand more than solids, and aeriform bodies more than 
fluids, ^here is also a considerable difference in the expansi-r 
bility of different soUds and different liquids i^but the aeriform 
fluids, as air and the gases, all expand equally, with the same 
increase of temperature.^ 

39. The expansion of a solid is readily proved, by adapting 
a piece of metal, when cold, to an orifice, or notch, and then 
heating it, when it will be found too large for its former place. 

The cylindrical piece of brass, at- 
tached to the handle a, Fig. 7, is ex- ^®- ''• 

actly fitted to the Qfttch in the plate 6, ^ 

and also to the aplpure through the [ | 1 q 

plate, so that it will enter the notch, 
and pass through the aperture when 
cold; but when heated, even below 
redness, it will neither enter the notch, 
nor pass through the aperture. This 
proves that heat enlarges, or expands 
the dimensions of sblids in every di- 
rection. 

40. The relative degrees of expan- a 
sion which different soUds undergo, at / \ 
high degrees of heat, are shown by an U 
ioHtrument called the pyrometer, one Espansion. 
form of which is seen at Fig. 8. 

A rod of any metal, a, is laid on the rests, and one end made 
to touch tlic immovable screw, 6, while the other end touches 
the index c. The rod is then heated by the spirit lamps rf, and 

flow doet heal operate to enlarge the dimeuriona of bodies 1 



a 




its comparative expansion ia shown bj the multiplied muUoii 
of tlio index, e, along the graduated scale. 

In comparing difierent substances hy means of this inatJU- 
mcnt, it will be necessary that all tjie rods should be of the 
same size and length, and that the heat of the lamps should be 
applied the same length of tjmo. 

From experiments made with this instrument, it appears that, 
in most instances, there is a relation between the ejcpansion of 
the metals, and their fusibility, and in general, that those which 
are most easily fusible, expand most with equal increments of 
heat. Thus, lead, tin, and zinc, expand^uch more, by the 
same degrees of heat, than copper, silver, and iron, and the 
former are much more easily fusible than the latter. 

41, Daniel's prROMSTKK.^ — 
Ths pyromeler, or Jire-measurer, ^^- '■ 

is an instrument which, by means 
of the expansion of some solid 
body, is made to indicate such 
high degrees of heat as are not 
within Uie range of the ther- 
mometer. That invented by 
Prof. Daniel, is the most simpfo 
.ind accurate. It consists of a 
black lead tube containing a bar 
of iron, which is fixed at the 
lower end, and is surmounted by 
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a plug of clay, or unglazed earthenware. The expansion of the 
iron by the heat, moves the clay, which acting on an index, 
shows the temperature. This is shown by Fig. 9, where a is the 
iron bar, longer than the blacklead tube, 6, the plug of clay 
to be placed on its end, in the tube. The clay is secured by a 
piece of platina foil, so as to ifbaain fixed in its place when the 
iron cools. The clay is shown at c, placed in the tube, and act- 
ing on the arm or hand d by means of a short levor, and show- 
ing by the index the degrees of heat, or the amount of expan- 
sion which the iron bar suffers. 

The expansion of the metals by heat, is often turned to 
advantage by certain mechanics and artizans in their business. 
In constructing large cisterns for brewers, or other manufac- 
turers, the iron hoops are made too small for the circumference 
of the vessel. They are then heated, and in this state driven on 
the vessel, and as they contract in cooling, the vessel - is thus 
bound together more firmly than could be done by any oiAiur 
means. Carriage-makers, by heating the iron band, or tire, 
which surrounds the wheels of carriages, and putting it in its 
place while hot, bind these parts together with the greatest pos- 
sible firmness. 

42. Force of contraction. — The great force with which 
metals contract on cooling, was strikingly illustrated some years 
since in Paris. The two sides of a large building in that city, 
having been pressed out by the weight of its contents and the 
roof, M. Molard proposed to remedy the evil, by making several 
hdes in the two walls, opposite to each other, through which 
strong iron bars should be introduced, so as to cross the inside 
of the building, from one wall to the other. On the projecting 
ends of the bars, on the outside of the building, were screwed 
strong plates of iron. The bars were then heated, by which 
their ends were made to project further beyond the walls, thus 
permitting the plates to be advanced, until they again touched 
the walls, which might be an inch, or more. The bars then, 
on coohng, contracted, and drew the walls as much nearer each 
other as the bars expanded in heating. There were two sets 
of these bars, so that, while one set was contracting and draw- 
ing the wall to its place, the other set was heating, and prepar- 
ing to retain what was thus gained. In this manner, a force 

What relation is there between the expansion of metals and their Visibilities 7 
What is the use of the pyrometer ? Explain the construction of Daniel's pyrometer. 
In what mechanical arts is the expansion of the metals, by heat, turned to advantage 1 
In what manner were the walls of a building in Paris drawn toward each other by 
means of heat 7 
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was exerted, which the power of man eonld scarcely have »p- 
plied by any other means, aod by which the walls of ao 
immense building were made to reeume their perpendiciilar 
jK»itJon. 

43. ExPAKSiON OF LiQctDB bv heat, may be strikingly shown 
by means of a hollow glass biS, witi a long sroali tube at- 
tached to it. When the ball, and a part of the neck, are filled 
with a lit^uid, and heat applied to the ball, the liquid expands, 
and continnes to rise up the tube witb considerable r^idity, 
until the liquid boils, when it will be thrown out with gr^ 
force by the steam. 

The diSbrent espansibilities of different fluids by the same 
e of heat may be shown by two such vessels as that just 



On the tube of each, fix a mark at tlie same 
height, and fill one up to the mark with alco- 
hol, and the other with water. Then plunge 
the bulbs of both into the same vessel of boil- 
ing hot water, thus making tlie heat applied 
to each exactly equal. Bo£ the fluids will ex- 
pand, and rise up the tubes, but the alcohol 
will be found to rise about twice as high as the 
water. 

44. Expansion of the gaseb. — It has al- 
ready been remarked that the ratio of expan- 
sion in all aeriform fluids, b equal, with equal 
increments of heat. 

If, therefore, the ratio of expanaon for one gas, 
as for instance, oxygen, be known, then the 
ratio for all the other gases, as well as that for 
the common air, whi(£ we breathe, will be in- 
dicated. 

'From the experimenta of several philosophers, it is proved, 
that this rate of expansion is equal to the rirth part of the 
volume which the gas occupied, forevcry degree of Fahrenheit's 
scale, at 32 degrees and upward. This calculation is made 
from the experiments of Gay Lussac, who found that 100 parts, 
or volumes of air, at 82 degrees, expanded to 1375 parts, when 
heated to 212 degrees. The increase of bulk for ISO degrees, 

—nr. •inaniible li alcotwl tliu wKUr 1 Wtui iath«ntto nfcnniUlon In •(rllbnD 
: of lOOparu of ilr nt ihe rrttiing mil 
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thftt IB, from the fiwBDff to the boiling point, ie therefore 87^, 
which, by calcolation, will- be fouod nearly tIt^ P^ut for eadi 

The expansion of air by heat may readily be shown by blow- 
ing up a oladder, and Becuriii^ the month hj a string, so that 
none can escape, and then h<^ing it toward the fire. As the 
sir becomes rarefied by the heat, the bladder will become more 
and more tense, until it bursts with an esploeive report 

A more elegant experiment ia, to .„ „ 

take a glass tube, terminated by a bulb, 
and pnt in so much water as to about 
half fill the tube, and then, baring im- 
meraed it in a vessel of water, as repre- 
sented in Hg. 11, apply the beat of a 
lamp to the bulb. As the beat rarefies 
the ur in the bulb, the water viU be 
forced down the tube, but will slowly rise 

Jiin to its former place, by the pressure 
the atmosphere on the fluid, when the 
heat is removed, and the lur in Uie ball al- 
lowed to contract. 




45. When we approach a heated body we become sensible 
that it emits caloric without touching it, and if a thermometer 
be carried near, this will indicate an increase of temperature. 
The caloric thus flowing from a heated body, is called radiant 
calorie, because it radiatei, or is thrown off in all directjons, 
like the rays of light from a radiant point. If the hand be held 
uniler the heated body, a sensaUon of warmth will still be per- 
ceived, which proves that this effect is produced without the 
intervention of a stream of heated air, wnich is felt only above 
tbe hot body, and never below it Neither ia this effect pro- 
duced by the gradual conduction of the caloric by the air, for 
the heat from a hot ball may be felt in the open air, at a dis- 
tance from it, and in the direction contrary to that of the wiad. 
It is found also, that caloric radiates equally well throufrh all 
tbe gases, and better through a vacuum than any medium; 
and bence we may infer that no medium at all is necessary for 
llic passage of radiant caloric 
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no. 12. 



When radiant caloric falls upon a solid or liquid, its ntjs 
are cither reflected from it, and thus receive a new direction, or 
they lose their radiant form entirely by absorption into tbe 
body. Thus, a substance highly polished will throw the heat 
back toward the radiating body, and remain cold itself; vbik 
another substance, with a rough surfisuce, will become warm at 
the same distance, because it absorbs, but does not reflect the 
heat. 

46. Angles of iNcmENOE and reflection. — ^Radiant heat 
and light follow exactly the same laws in their passage to and 
fpom polished surfaces, the angles of incidence and reflection 
being equal. 

Thus, the ray a, c, Fig. 12, is the ray of in- 
cidence, and c d is the ray of reflection. The 
angles which a c make with the perpendicular 
line e c, and the plane of the mirror, are ex- 
actly equal to those made by c, c?, with the 
same perpendicular and plane surface. {See 
Optics in Natural Philosophy.) Hence, with 
a concave mirror, the rays of heat, like those of 
light, may be concentrated, or collected to a 
focus, and by means of two such mirrors, very 
interesting experiments may be made, illus- 
trating the laws of radiant heat in several 
respects. 

4Y. Concave mirrors. — Provide a pair of 
concave metallic mirrors, about ten or twelve inches in diam- 
eter, and two in concavity. They may be made of conmion 




fig. 13. 
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Radiation qfHeat. 



Ilow is it shown that no medium at all is necessary to convoy radiant caloric 1 
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tinned iron, or of brass, which is better, but much more ex- 
pensive, 'y 

These mirrors may be supported bj stands made of wood, on 
which they slide up and down, and are fixed by thumb-screws, 
as represented in Fig. 13. Place the mirrors at the same 
height on a bench or table, exactly faciug each other, and from 
ten to twenty feet apart, as they are less or more perfect, and 
place a^reen of paper, or other substance, between them. 
Then, in the focus of one mirror, place a cannon ball, heated 
a little below redness, and in the odier focus place a thermom- 
eter. When every thing is thus prepared, remove tlie screen, 
and the thermometer will instantly begin to rise, and will 
finally indicate a degree of temperature depending on the size 
and perfection of the mirrors, their distance apart, and the heat 
of the ball. The focus of a twelve-inch mirror, of the ordinary 
shape, is about four and a half inches distant from the center 
of concavity. 

By placing the mirrors near each other, and using a red hot 
ball, a much more striking experinlfent may be made, for on re- 
moving the screen, powder will flash in the focus, as if by 
magic, since the eye can not detect the cause on which its in- 
flammation depends. 

The dotted lines in the drawing, Fig. 13, show the course 
of the rays of heat from the hot ball to the thermometer. The 
ball being placed in the focus of the mirror, the caloric radiates 
to all parts of its surface, and being reflected under the same 
angles at which it falls, the rays are thrown into parallel lines, 
and thus become incident rays to the second mirror. By the 
same law of incidence and reflection, the second mirror conveys 
Uie rays to a focus at the same distance before it that the hot 
}»all is placed before the first mirror, because their focal dis- 
tances are just equal. The heat of the ball is therefore concen- 
trated on the bulb of the thermometer, which is placed in the 
f jous of this mirror. If a burning lamg bo placed in the focus 
of tlie first mirror, mid a piece of paper, or the hand, in the 
focus of the second, there will be seen a bright, luminous spot 
on the paper, or hand, showing that light follows the same laws 
of reflection tliat boat docs. 

There is, however, a remarkable difference between the sub- 
Does hear rndiate throush Rolid bodies 1 Explain Fig. 12, and show which is the 
ray ofinridence, and which ilial of reflection. Explain Fiff. 13; show the din-ciion 
ol the rays of h»*al from the heated ball to the mirrors, and from tlie mirror to the 
therinomt'tKr. How is it sliowu by the mirror that heat and liglit follow tho same 
UwsofrellectioQl 
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stances of which mirrors are commonlj made, with respect to 
their power of reflecting heat and light. A concave ghiss mir- 
ror, covered in the usual manner with amalgam, when placed 
before a red hot cannon ball, vnll reflect the light, but not the 
heat, the mirror itself absorbing the radiant caloric, and soon 
growing warm. But a well polished metallic mirror reflects 
both the heat and light, and although held so near an ignited 
body, as, were it combustible, to be inflamed, it still- remains 
cold. For the same reason, andirons, which are kept highly 
polished, will remain cold, though near a winter's fire. Any 
one who has undertaken to boil water in a silver cup, before the 
fire, will be convinced of the power of a bright metallic surface 
to resist the penetration of caloric. 

48. Eatb of cooling. — The nature, or colors of the sur- 
faces of bodies, have also an important influence over their 
power of radiating caloric. 

When other circumstances are equal, the rate at which bodies 
cool appears to be in an inverse ratio to the polish, or bright- 
ness of their surfaces. Thus, the surfaces of bodies are found 
to radiate heat more rapidly when they are rough than when 
smooth, and most rapidly when their surfaces are both rough 
and dark colored. 

Mr. Leslie covered one side of a cubical tin vessel with lamp- 
black ; another side with writing paper ;. a third with glass, 
and left the fourth uncovered. 

The vessel was then filled 
with hot water, and placed 
before a concave mirror,, in 
the focus of which was placed 
an air thermometer, as rep- 
resented by Fig. 14. On 
turning the black side to- 
ward the reflector, the fluid 
in the thermometer indi- 
cated a rise of temperature 
equal to 100 degrees; the 
papered side being turned 
toward the reflector, the 
thermometer sunk to 98 degrees ; the glass side indicated 90 

Wbat is the difference between a mirror of glass, and one of metal, in their powers 
to reflect heat and light 1 Why do polished andirons remain cold when near (he 
fire 7 Why is it difficult to boil water in a bright metallic vessel 1 What effect does 
the nature, or color of a surface, have on its radiating power 1 



FIG. 14. 




Effects of Surface. 
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degrees, and the metallic side only 12 d^rees. The radiating 
power of these sur&ces, therefore, are respectively to each other, 
as the nuipbers 100, 98, 90, and 12. 

49. Application op radiatino powers. — ^Various practical 
uses may be made of this principle in the common concerns of 
life. 

A dose stove, intended to warm a room by radiating its heal 
to the objects surroun(Ung it, should be dark colored, with a 
rough surface ; while one intended to warm with hot air pass- 
ing through it, should have a bright, metallic surface. A dark, 
rough stove pipe, passing through a room, might render it com- 
fortably warm ; while a polished tin pipe, of the san^^ength 
and dimensions, would hardly change its temperature percepti- 
bly. For the same reason, a highly polished metallic coiflHhpot 
will keep its contents hot, while the contents of one made of 
dark earthenware would become nearly cold. 

TRAN8MI8BION OF HEAT. 

50. Rays of heat, in passing through air, are no more ob- 
structed than those of light ; but in passing other transparent 
media, heat is obstrticted in various degrees, depending on 
some unknown property of the substance. It is well known 
that the rays of the sun, consisting of light and heat, may be 
so concentrated, by means of a parabolic mirror, as to fuse a 
metal, or inflame a combustible ; and if a transparent body, as 
a plate of glass, be held between the sun and the mirror, or be- 
tween it and the combustible, the effect will be but little, if at 
all, diminished. 

51. Now if the same experiment be made with a common 
fire, or a number of lamps, tiiough the heat and light are con- 
centrated as before, yet if the glass plate be interposed, the 
beating effect, instead of remaining undiminished, as in the ex- 
jKiriment with the sun, is reduced almost to nothing, while the 
sjMjt of light remains as bright as before. Thus, the rays of 
In^at, coming from the sun, pass through glass without difficulty, 
while the same substance almost entirely intercepts those mado 
by art. 

62. It is not, however, to be understood that glass is abso- 

Dearribe Fig. 14, and explain how the different torfaces aflfect the thcrmomoter. 
Wliat practical unes mav oe made on the principles established by Mr. Leslie's ex* 
perimeut I Whv does a bright coffee-pot keep its contents warm louder than one 
tliat is tarnished 1 What is nnid or Ihe passage of the sun's heat throuch tdnsMl 
What effrct does a plate ofglaiis have on the passage of culinary heat 1 Dues ghiss 
faur«!jr Intereept the rays of artificial heat ^ 

4 
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lutely impermeable to artificial radiant heat, for it has been 
found that the intense ignition of charcoal by voltaic action^ 
produces an effect on the air thermometer when passed through 
a glass lens, and also that thin plates of the same substance 
will transmit indications of the heat of a powerful gas-burner. 

53. Transmission of heat by different substances. — 
On this subject, M. Melloni, a French chemist, has made a 
series of curious and important experiments. These were 
made by means of the thermo-multiplierj an instrument much 
more sensible to small degrees of heat than the air thermome- 
ter. This instrument is constructed on the principle of thermo- 
electrlky^ of which the following is a description : first inform- 
ing the studeiftf that when two bars of difierent metals are coa- 
nect^l together at each end, if one of the joints is heated more 
than the other, a current of electricity is immediately produced. 

54. Thermo -ELECTRICAL piles. — ^Now if a magnetic needle 
be exposed to the influence of the above described electrical 
current, it will be moved, or deflected out of its true position, 
even though only a single pair of bars be employed ; and by 
using a series of such bars, and heating their alternate ends, the 
intensity of the electrical influence may h% increased to any de- 
sirable extent. Such an instrument is called a thcrmo'dcctric 
pile. That used by M. Melloni in his experiments consisted of 
fifty-five bars of antimony, and as 

many of bismuth, laid side by 
side, with their alternate ends sol- ^®- ^5. 

dered together. Fig. 15 repre- 
sents this thermometer; a, the 
metallic bars ; 6, a lamp heating 
one end of the pile, by which the 
electricity is developed, and the 
magnetic needle, <?, is moved. The 

lamp being removed, and the end 

of the pile blackened, in order to TktrmoPOe, 

promote the absorption of the rays 

of heat, the substances, whose 

powers of transmission were to be examined, having been cut 

into thin plates, were placed before the end of the pile. A 

screen, having an aperture equal to the face of the pile, was 

placed between the source of heat, and the plate to be tried. 

What is meant by thermo-clectricityj What eflfect does the thermo-electrical cur- 
rent have on the magnetic needle? How is ths thermoelectric pile constructed 1 
In what manner is the pile employed ? 
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wliile a second screen intercepted the rays of heat until the in- 
stant of triaL 

55. By such means, M. Melloni obtained very curious, and 
often very unexpected results ; and, among others, that bodies 
which transmit light most freely, often almost entirely intercept 
the rays of heat, while other transparent bodies are as perme- 
able to heat as to light. 

56. Bodies which allow the ready passage of heat, are called 
transcalenty or diathermanous^ while those which intercept its 
rays are called intranscaJent, or adtatkermanous. Among all 
substances, rock salt is most highly transcalent, admitting the 
rays of heat to pass through it with very little interruption ; 
while alum and glass, though fully as pervious to light as the 
salt, almost entirely intercept the calorific rays. On the con- 
trary, some substances, though nearly opaque, with respect to 
light, admit the passage of heat with considerable facility, such 
as brown rock crystal, which was found nearly as transcalent as 
the most colorless specimens of the same material. 

57. Bodies absolutely opaque, as wood, metals, and black 
marble, intercepted the rays of heat completely, although it 
was found that the faculty of transmission was possessed to a 
certain degree by nearly opaque substances, a^ thick plates of 
brown quartz, black mica, and black glass. 

BPECIFIO CALORIC. 

58. Equal weights of the same substance, at the same tem- 
perature, contain equal quantities of caloric ; but equal weights 
of different substances, at the same temperature, contain un- 
equal quantities of caloric. The quantity peculiar to each 
body, or substance, is called specific caloric. When one body 
of the same weight is found to contain more caloric than 
another, that containing the most is said to possess tlio greatest ; 
capacity for caloric. \ 

59. When equal quantities of the same fluid, at different 
leuip<.Tatures, are mingled together, the resulting temperature 
is a medium between tliese temperatures. Thus, if a quart of 
water at 100 degrees, be mixed with another quart of wat^r at 

Wliat sinciilar rrsalts were obtained by means of this pile 1 What are tranMralent 
bmliea? What are intranicalent bodieRl What difference is there bftween the 
traiifcalfnce of rr>ck salt and alum ( What is raid of fflasn as a transcalent bodyl 
What MiiiiMtanreK are nifutioufd, which tranamit heat without lifrlit 1 Do piibiitHnces 
i-nlir -ly <>|iiii|uc tranHmit hfat I What is meant by Kperiftc caloric J What in mi-ant 
by ca|ia<:ily for caloric I Suppone equal quantities of the wme fluid, at dinerent 
temperatures, arc mixed, what will be the resulting temperature 1 
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40 degrees, the temperature of the mixture will be 70 degrees. 
The same result will occur when any other liquid is mixed in 
equal proportions, but at different temperatures, as oil, 
•alcohol, or mercury. But when equal quantities of different 
fluids are mingled together at different temperatures, the 
resulting temperature is not a medium, but is either above or 
below it 

60. Capaoitiks op quicksilver and water. — ^We should 
expect, without experiment, that quicksilver would possess a 
greater capacity for caloric than the same bulk of water, and, 
therefore, that when equal quantities of these two fluids, at dif- 
ferent temperatures, are mixed, the resulting temperature would 
be above the arithmetical mean. But in this we are disap- 
pointed ; for if we mix a quart of water at 40 degrees, with a 
quart of quicksilver at 100 degrees, the temperature pf the 
mixture will not be 70 degrees, as in the experiment with the 
water alone, but only 60 degrees. This proves that a quart of 
quicksilver, although it weighs about fourteen times as much 
as a quart of water, still contains less caloric, and, therefore, 
that water has a greater capacity for caloric than quicksilver ; 
for, in the first experiment, a quart of water at 100 degrees, 
raised the temperature of another quart at 40 degrees-, to 70 
degrees; but here, a quart of quicksilver at 100 degrees, raises 
the heat of the same bulk of watei||||o only 60 degrees. The 
quicksilver, then, loses 40 degrees, wmch nevertheless raises the 
temperature of the water only 20 degrees. « 

61. The relative capacities of water and quicksilver for heat, 
may be shown by mixing equal weights of. the two fluids at 
different temperatures, and then ascertaining how much the 
resulting temperature differs from the arithmetical mean. 

Mix a pound of water at 100 degrees with the same weight 
of mercury at 40 degrees, and the heat of the mixture will be 
98 degrees ; that is, 28 degrees above the arithmetical mean, 
because when equal weights of water were mixed at these tem- 
peratures, the resulting temperature was only 70 degrees ; but 
here it is 98. The water, then, has lost only 2 degrees, white 
the same weight of mercury has gained 58 degrees, for the 
temperature of the mercury before the mixture was only 40 
degrees, while that of the water was 100 degrees. The capacity 

When fluids of different kinds are mixed under the same circumstances,, will the 
resulting temperature be a medium 1 Which fluid has the greatest capacity for 
caloric, water or quicksilver 1 How is this shown ? If a pound of mercury at 40 
deirrees be mixed with a pound of water at 100 degrees, what will be the resulting 
temperature i 



BPXOlilO OALORia 41 

of water for heat, is therefore to the capacity of mercury for the 
same, in the proportion of 58 to 2, or as 29 to 1. 

62. It appears from a great variety of experiments made by 
difl^rent philosophers on this curious subject, that whatever 
may be the cause of the different capacities of bodies for heat, 
the effect is greatly influenced by the state of density in which 
such bodies exist, and that in general their capacities increase, 
in a ratio to the decrease of their specific gravities. In the 
above experiment, the capacity of water is to mercury as 29 
to 1, while their specific gravities are as 1 to 14. 

63. CAPAcrrr. of the gases. — ^Various methods have been 
employed by philosophers to ascertain the capadties of the 
several gases for heat 

64. To determine and compare the relative capacities of 
these bodies in this respect, Gay Lussac tx)ntrived an apparatus, 
by means of which, a hot current of one gas met a cold current 
of another gas, in the center of a small reservoir, containing a 
thermometer. A thermometer was also placed in the current 
of each gas before they met. Thus, by knowing their tempera- 
tures before their mixture, and afterward, it was easy to infer 
their respective capacities for caloric. 

65. Bernard, in order to determine the specific caloric of 
elastic fluids, caused them to pass through a pipe inclosed in a 
larger pipe, the latter being constantly filled with steam. In 
this manner he was enabled to know precisely the temperature 
of the gas under experiment, and also to raise the temperature 
of each to the same degree. Having thus determined its tem- 
perature, the gas was wen made to pass into a spiral tube im- 
mersed in cold water, and the specific caloric of each gas was 
inferred by the quantity of heat it imparted to the water. By 
these and similar experiments, it has been ascertained that the 
aeriform fluids differ greatly in the quantities of their specific 
caloric, — ^thus, the capacity of hydrogen for caloric is more than 
twelve times greater than the capacity of an equal bulk of 
atmospheric air, though the air weighs about thirteen times as 
much as the hydrogen. It is also ascertained that out of nine 
gases on whicn experiments were made, none except hydrogen 
has a capacity for heat equal to that of water, but that they all 

What are the proportiomtte capacities of mercarj and water for heat 1 In general, 
do the capacities »t hodies for lieat increase, or decrease, with their densities? By 
what mclWl did Umj I.iiswic determine the capacities of the gases for caloric 1 By 
what mellKNl did Bernard determine the capacities of the gases for caloric 1 What 
gas has the greatest capacity for heat 1 In general, what class of bodies have the 
grralcsC, and what the least capacity for heall 

4* 
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have greater capadties than any of the metals. Hydrogen, 
the lightest of all bodies, has the greatest capacity for heat, 
while the metals, the most ponderous of all bodies, have the 
least. yy 

66. The same substance by having its bulk enlarged, and 
consequently its density decreased, acquires an increased ca- 
pacity for- caloric Thus water, when thrown on the bulb of a 
thermometer, sinks the mercury, because, in assuming the form 
of vapor, its capacity for caloric is increased, and it consequently 
absorbs and carries away the heat from the mercury. Some 
philosophers have accounted, in part, for the intense cold in the 
upper regions of the atmosphere, on the supposition of the 
increased capacity of the air for boat as the pressure of the in- 
cumbent atmosphere is removed. 

67. Ignition by pressure. — On the contrary, we ^iG^ifi. 
know, that by increasing the density of air, its capacity for 
caloric is diminished, and that under certain circum- 
stances sufficient heat may be set free in this manner to 
produce ignition. 

This effect may be produced by the little instrument 
represented by Fig. 16. It consists of a metallic tube, 
ten or twelve inches long, the bore of which is less than 
half an inch in diameter. To this is fitted a rod and 
piston, moving air-tight; the lower end of the piston 
being excavated to receive a little tinder. When the 
piston is suddenly forced down, nearly to the bottom of 
the tube, the condensation of the air it contains, evolves 
so much heat, as to set fire to the tinder in the end of 
the piston, and in this way a fire may conveniently be f^^ 
kmdled. 

68. Table op speoipio caloric. — By the following table 
it will be seen that there are extraordinary differences in the 
capacities of different substances for containing heat. These 
results were obtained by the most accurate modes of experi- 
ment, by the French philosopher Regnault. 



flnhateiMM. Speoifio heat in 

Water, . . . 1000 
Ice, .... 613 
Oil of turpentine, 416 



Sobftancei. ^£*f '?*' ^?*J!.*" 

equal weights. 

Wood charcoal, 241 
Sulphur, . . . 203 
Glass, .... 198 



If a body has its bulk enlarged, is its capacity for heat increased or diminished 
thereby 1 How has the inteuse cold of the upper regions been accounted for on this 
principle 1 
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ftllllMlBIIHilM 


Spaeifie heat te 


' 


equal weiglitf . 


DUmMHKT^a* 


eqoal weights. 


Diamond, 


. . 147 


•Kn,* . • . < 


. . 56.23 


Iron, . , 


. . . IIS.YO 


Iodine, . . , 


. . 64.12 


Nickel, 


. . . 108.63 


Antimony, . 


. . 60.77 


Cobalt, 


. . . 106.96 


Gold, . . . 


. . 32.44 


Zinc, . . 


. . . 95.55 


Platinum, . 


. . 32.43 


Copper, , 


. . 95.15 


Mercury, . 


. . 33.32 


Arsenic, 


. . . 81.40 


Lead, . . 


. . 31.40 


Silver, . , 


. . . 57.01 


Bismuth, . . 


, . 30.84 



Observation. — ^In chemistry, nothing must be left to con- 
jecture, all must be tried by experiment, and the result is often 
irhat was least expected. In the present case, without experi- 
ment, who could have imagined that the capacity for heat is 
greater in water and ice than in platinum, gold, and silver ; 
and yet we find that water has more than twenty times the 
capacity of the most dense metals. 
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69. By vaporization or evaporation is meant the conversion 
of a liquid, or solid into an aeriform body. This, with respect 
to most solids is performed by heat more or less intense, accord- 
ing to the nature of the substance, and it is even supposed that 
with sufficient degrees of heat, all substances would become 
elastic fluids. But many substances, as water and . alcohol, 
and even some solids, as camphor and ice, evaporate by mere 
exposure to the air. In general, however, when a solid is con- 
verted into vapor by heat, the process is called sublimation^ 
thus sulphur and mercury, and some other solids are purified 
by fiublimation, or dry distillation. 

' We have already spoken of evaporation, chiefly as induced 
by ebullition, but the subject has several other bearings which 
it will be well to illustrate and explain. 

70. Maximum density. — At a certain degree of heat there 
exists for the vapor of different substances a state of density 
which it can not pass without losing its gaseous condition, and 
i><i!oining a liquid. This point is called its state of maximum 
dinnittj. When a volatile liquid is introduced in sufficient quan- 
tity into a vacuum, this condition is already reached, and then 

How in It nroveil that lh« air hn» 1m« rapacity for heat when condenae'd than 
iiihi-rw iHf r what Im tlie dinfrrenre between evapuratiun and aublimatiou 1 What U 
Bitaitt by the majcinmm dvtiiiiiy of a ps^ 
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evaporation ceases ; and any attempt to increase the demity 
of this vapor by compressing it in a smaller space, will bo 
attended by its liquefaction. Thus, if a little ether be intro- 
duced into a barometer tube, and the tube be slowly sunk 
into a deep cistern of mercury, it will be found that the height 
of the mercury in the glass will remain unaltered, imtil the 
upper extremity of the barometer approaches the suiface of the 
metal in the reservoir. It will be observed also, that as the 
tube sinks, the httle stratum of liquid ether increases m thick- 
ness, but no increase of elastic force occurs in the vapor above 
it, and, consequently, no increase of density ; for tension and 
density in elastic bodies, are always directly proportionate to 
each other. 

71. The point of maximum density of a vapor is dependent 
upon the temperature ; it increases rapidly as the temperature 
rises. Thus, taking the specific density of atmospheric air at 
212 degrees to be 1000, then that of aqueous vapor in its 
greatest state of compression at different temperatures will be 
as follows : — 



Tempermtore. 


Specific gnvity. 


Weight of 100 cQbie inehet. 


32 degrees. . 


. . . 6.590 . . 


. . .136 grains. 


60 " 


. . . 10.293 . . 


. . .247 " 


60 " 


. . . 14.108 . . 


. . .338 « 


100 « 


. . . 46.500 . . 


. . 1.113 " 


150 " 


. . 170.293 . . 


. . 4.076 " 


212 " 


. . 625.000 . . 


. 14.962 « 

1 . • 



Thus pressure, by increasing the density, may cause an elastic 
fluid to assume the liquid form ; and the same effect, in many 
instances, is produced by cold, inasmuch as loss of heat de- 
presses the point of maximum density. {See Liquefaction of 
the Gases,) 



THERMOMETER. 



72. The thermometer is an instrument founded on the prin- 
ciple that the expansion of matter is proportional to the aug- 
mentation of temperature, and is designed to measure the varia- 
tions of heat and cold. \ 

The first attempt to mSbsure such variations on this principle 
was made by feanctorius, an Italian physician, in the seventeenth 



On what principle is the thermometer constructed 1 Who first constructed ther- 
mometers) What fluid was first employed to indicate the variations of tem- 
perature 1 
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century. He employed a glass tube, blown into a ball at one 
extremity, and open at the other. After expelling a small part 
of the air by heating the ball, the open end was plunged into a 
vessel of colored fluid, and as the air in the ball cooled, the 
fluid ascended up the tube. Any variation of temperature by 
expanding, or contracting the air in the ball, would then cause 
the liquid in the tube to rise or Mi ; thus formiug an imperfect 
air thermometer. 

\ 73. A better construction for an air thermometer is ^®- ^''• 
represented at Fig. 17. It consists of a thin glass 
botde, containing a small quantity of a colored liquid, 
and stopped closely by a cork. Through tlie cork is 
passed a broken thermometer tube, open at both ends. 
This tube descends nearly to the bottom of the bottle, 
and dips into the fluid. There is, therefore, a quan- 
tity of air above the fluid which can not escape, and 
wnen this expands by the application of heat, the 
fluid is forced up the tube. Thus the haght of the 
fluid will indicate the expansion of the air, and conse- 
quently, the degree of heat to which the instrument is 
exposed. \ 

^ There aire, however, two objections to the employ- 
ment of air for this purpose. Its expansions and con- «^n^^' 
tractions are so great, even by small changes of tem- 
perature, that a tube several feet in length would be required 
to measure them ; and as air suffers condensation by pressure, 
the variation of the barometer would affect its height, at the 
same temperature. \ 

74. DiPFERBNTiAL THERMOKETER. — For the abovc rcasous, 
the air thermometer, for common purposes, is both inconvenient 
and inaccurate, and therefore has long since been laid aside. 
There is, however, a modification of wis instrument, invented 
by Mr. Leslie, and called the differential thermometer, which 
for certun purposes is a very elegant and useful instrument. 

A drawing of this instrument is represented by Fig. 18, and 
it is designed, as its name imports, to show the difference of 
temperature between two places at short distances from each 
other. It consists of a glass tube terminated at each end by a 
bulb, and bent as shown in the figure/ The tube is partly filled 
with some colored fluid, as sulphuric acid, tinged with carmine, 

DiHKribe the construction af an air thermometer. What are the objectiona to the 
air thermometer J [low \» the differential thermometer eonatructed, and for what 
piirpoMK ia it uaeftiU 
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LeaUes' 
Thermometer. 



or alcohol, colored by cocliineal, the bulbs and no. i& 

other parts of the tube being filled with air. 

It will be obvious, from the construction of 
this instrument, that it can not indicate the tem- 
perature of the atmospheric since an equal ex- 
pansion of the air in both 1>ulbs would press 
equally on the fluid in both legs of the tube, 
and consequently it would rise in neither.^ But 
if one bulb is exposed to a higher tempeniture 
than the other, then the expansion of the air in 
this, will be greater than in the other, and con- 
sequently the fluid will rise toward the bulb 
where the air is least expanded. 

75. Use. — ^The 'use of this thermometer, 
then, consists in showing the difference of tem- 
perature to which the bulbs are exposed, as in 
experiments on the radiation of heat, already 
described. The scale affixed to one of the legs, 
shows the rise in degrees, and is divided into 

100 parts. The legs are six inches long, and the bulbs an inch 
or a little more in diameter. The stand may be of glass or 
wood. Some of these instruments are so delicate as to he 
affected by the approach of the hand. 

Air, being inapplicable to the construction of thermometers 
for the purpose of measuring the absolute temperature of places 
or things^ for the reasons already noticed, solid bodies are 
equally so from a contrary defect i their expansion by heat / 
. being so small as not to be appreciated without the adaptation 
of complicated machinery./A perfect substance for this pur- 
pose would be a fluid, wmch would expand uniformly with 
equal increments of heat, and which would neither freeze nor 
boil at any temperature to which it might be exposed. -Mer- 
cury approaches nearer to these conditions than any other sub- 
stance, and therefore this is the fluid now almost universally 
employed. 

76. Construction op the thermometer. — The blowing of 
the best thermometer tubes requires much experience and skill 

. in the workmen, and is performed only by particular artists. 
This is the most difficult part of its construction, /llio mercury 
is introduced by heating the bulb, and thus rarefying the air 



Why will not the differential thermometer indicate the temperature of the atmos- 
phere 1 Why ftre not solid bodies proper for the construction of thermometers 1 
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nthin it, and tiien dipping the open end of tha tube into a 
reaael of the fluid. ^Ji the air contracts within by cooling, the 
presBure of the external atmosphere forces the mercury to enter 
the tube to supply ita place. Avhen the bulb is nearly filled in 
this way, the mercniy is boiled to expel the air, j 

Having filled about one-third of the tube, tile open end is 
sealed hermeUcally, that is, by melting the glass. This is done 
vhile the mercurj in the bulb is heated nearly to ita boiling 
point, BO as to exclude all the air. 

Having sealed the end of the tube, the next step in the Qon- 
itniction of the thermometer, is its graduation. This is done 
by ascertaining two fixed and invariable points 
on the tube, which are the same in eVe^ ther- no. is. 

mometer, and then by making a scale of equal 
divisions between these two points. These are 
Ihp freezing and boiling points. 

lie freezing point is found by immersing the 
bulb of the thermometer in melting snow or ic^ 
ibr it has been ascertamed, that the temperature 
of water flowing trom melting snow or ice, is 
every whpre the same, whatever may be the 
heat of the atmosphere where the experiment 
is made. The boiling point ia sli'jhtly affected 
by the pressure of the atmosphere; but the ther- 
mometer will be BufGciently accurate for all or- 
dinary pui'poses, when this point is ascett^ned 
[hj immersing the bulb in pure boiling water, 
open to the airJ and on the level of the sea, 
during pleasaor weather. {See Barometer, m 
Natural Philosophy.) 

The freezing and boiling points are marked 
with a diamond or file, on the tube ; and on the 
scale to be afterward affixed, the freezing point 
is raarkediSSi^nd the boiling pointy 212. The 
interval between fhese,two points is then accur- 
ately divided in(_180/equal parts. This is the 
division of Fahrenheit's scale, the thermometer 
generaSly employed in this country, and ia the 
only scale referred to in this work. 

Wtial Koiil.l be a perroclsobtlanne for the conHrucHon of Ihpr 
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The (x>mineiicenient of this scale is 32 degrees belo* 
the freeaiig point, and is called zero, being marked witti the 
dpher Q,|to signify the total absence of heatJ This d^ne 
of cold, it Biuppoeed, Fahrenheit obt^ned by d&ing snov snd 
common salt, and it was probably the grestest^^^gree of cald 
known in his time^ though at the present day certain mixtnns 
prodvice much gMater, and at a future period, the pn^reee of 
science may show the meaoB of abstracting heat, so as to 
solidify even the air we breathe. The absolute zero mnal 
therefore be considered^n imaginary point j 

Bewdes the zero and roe freezing and boilMg points, marked 
on FahrenLeit's scale, Pig. 19, there are 
also noted the temperalure of the blood, "''■ ^■ 

and the heat of summer, and sometimes 
other points, as fever heat, &e. 

77. SeLI- REOIBTBRINQ THERUOUE- 

TBR. — Several ways have been invented 
to make thermometers mark their own 
tempertitures, in such a manner as to 
leave permanent indications of the high- 
est and lowest points of the mercury, 
after the temperature has changed. 
Thus, in attempting to find the tem- 
perature of the deep ocean by the com- 
mon thermometer, it is easy to see that 
the object would be defeated by the 
change of the temperature as the instru- 
ment is drawn toward the sur&ce. I^ 
however, a mark could be left at the 
point where the mercury stood when it 
was at the greatest deptii, then the ob- 
ject in question would be attained, and 
this is what the self-registering ther- 
mometer performs. 

78. Six's thbruoueter. — The beet 
instrument of this kind is known by the 
name of Sii's fdf-regiaterinp thermom- 
eter, Pig. 20. tm consists of a single 

f;lass tabe, twice bent, and having a 
Mge, elongated, cylindrical bulb, a, 
filled with alcohol, which reaches down 
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the small tube to c, where it rests cm m eolimiii of merennr, 
which extends down to b and up to d, above which it m filled 
with alcohol, so that the lower portions of the tube ave filled with 
laercory, and the upper with aloohd. On eadi side, and in 
contact with the mercnrj; is placed a little iron index, e and d, 
to which are fixed by cement a hair, whicfa pnamg J^aimt the 
side of the tube, fixes the index in any place nnlev fiireiblT 
moved bj the expansion of the mercair. These mm iiide«tf 
are placed in contact with the mercury, br means of a magnet 
carried along the outside of the tube. Thej, therefore, float oa 
the mercury, and are covered by the aloohoL Now, when the 
alcohol in the large bulb, a, expands, it drives the meDcury np 
the opposite tube, say to </, where, on its contractioD, the index 
is left. On the contrary, if the alo^ol contracts by cold, the 
opposite index, (, rises, and, in like manner, is left at the point 
of the greatest contraction, if the alo^iol a%nn expands; so 
that, by this curious instrument, the highest and lowest degieea 
of heat are indicated to which it has been at any tune exposed, 
and whid)^ may b^ known, by inspection, days <> weeks 
afterward. ' 

The tdbe is expanded at e, where it is filled with its eontent^ 
and then sealed by melting the glass. 
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79. The experiments of Mr. Faraday and otheia, on the lique- 
faction of the gases, have resulted in the o|Hnion that these 

riform bodies are nothing more than the vapors of extremely 
volatile liquids^ Most of these liquids, if they are such, are 
naturally so volatile, that their IxHling points, under the ordin- 
ary pressure of the 'Vtinosphere/'are below the temperature of 
the coldest regions of the ^obe, and hence they are always 
found in the gaseous state. 3at"by subjecting several of them 
Uy great pressure, their gaseous condition is so fiir coonteracted 
as to make them form liquids, and in one instance, even a solid. 
Even when so compressed, a very small addition^ heat will 
make them boil, and the instant the pressure is removed, they 
tffun assume the elastic form, and some of them, with such 
violence as to cause an explosion of more or less intensity. 
Ibis sudden change of a solid, or liqiud, into the elastic state. 



What opiDion exiM about the form of the gMCsl What » the rcMoa th«t tli« 
easTB ilo iK>l rHain I heir iMfui'l «afea I lo what manner maj ibc cues IM made t# 
an ume the liquid iorm 1 
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in consequence of changing the heat from a sensible to a latent 
condition, produces a remarkable degree of cold. 

80. Process for condensing the gases. — ^The method of 
condensing the gases consists in exposing them to the pressure 
of their own elasticity, or their own atmospheres. The process 
is exceedingly simple, and may be performed by any one, though 
without care and experience, it may be attended with mucli 
danger to the experimenter. 

/^The materials to form ™- ^i. 

the gas are put into a 
strong glass tube, Fig. 21, 
bent as in the figure, after 

which the orifice is hermet- condensation of Gas. 

ically sealed, or closed by 
means of a metallic capjvith some strong cement. In most 
instances, it is necessary that the materials should be kept 
apart, until the tube is closed, after which, by a change of 
position, they are brought to act on each other. Thus, for car- 
bonic add gas, some dilute sulphuric acid is poured into the 
tube, and at the other end is placed some pieces of chalk or 
marble, and after the orifice is closed, by changing the position 
of the tube, they are brought together, when the gas is instantly 
evolved. / 

81. The amount of pressure required to liquefy the different 
gases,(is quite variable.! /Thus, sulphuric acid gaal requires only 
two atmospheres at 45 degrees ; ^carbonic acia ga^thirty-six 
atmospheres at 32 degrees, while ^ttrous oxide gas does not 
become liquid at a less pressure than/fiftyjatmospheres. 

Now, taking the pressure of the atmosphere to be equal to 
15 pounds to the square inch, and the size of the tube on the 
inside equal to an inch square, then the force on the tube in 
which nitrous oxide becomes liquid, would be (provided the 
tube be eight inches long) equal to 6,000 pounds, for 15 lbs, X 60 
atmospheres =750, which x by 8 inches long= 6,000. 

82. Carbonic acid is the only gas which has been reduced to 
the solid foi«i. To prepare this, a very strong metallic appara- 
tus is required, involving considerable expense, and perhaps not 
a little difficulty to those not in the practice of making chem- 

Describe the apparatus and process of condensing the gases. Do all the ^ases 
require th|9 same amount of pressure for their liquefaction 1 What gas requires the 
least aqd what the greatest pressure for this purpose 1 What is tlie amount of 
pressure wliicb nitrous ojside requires for its liquefaction 7 What phenomena does 
carbonie acid exhibit in the solid state? What numbers are marked on the scale at 
the freezing and boiling polut8 ' What is the number of degreen between these two 
points? 
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ical experimenta. When prepared, if a email jet be permitted 
to escape by the turning of a stop-cock, the meet intense action 
ioatantly follows, attended by sucn a degree of co!d as actually 
to freeze the portion which has not made ita escape from the 
vessel. When frozen, it has the appearance otSaa, moist snow^ 
which being exposed to the air soon evaporates, but if coverecT 
with cotton, may be preserved in the solid state for honrs. 

In some instances heat is required in order to separate the 
fUS from its combinations, after which the process of liquefac- 
tion is greatly hcilitated by cold. This is produced by sur- 
roaoding the vessel containing the gas with pounded ice, or 
SDOW, mixed with common salt. 

83. Apparatus of Thilorikr for condensing tbb oases. 
By the machinery represented by Fig. 22, and its uses which 




_„ ir Omdtnfiitg Iht I 

we fhall try to make understood, large quantities of liquid and 
even i«)tid i-iirlmnic arid, may be obtained. 
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It consists of two similar cylindrical vessels of wrought iron, 
half an inch thick, and holding about half a gallon, each being 
furnished with a stop-cock, which is closed by means of screws, 
turned by the handles 5, b. The gas is evolved in the vessel d^ 
which is suspended on a wooden frame, and in which is put 
the requisite quantity of bicarbonate of soda frqjfi which the 
gas is derived. In this is placed the copper tube ff, containing 
an equivalent of sulphuric acid to saturate the soda ; the cap 
being secured, the whole is inverted by turning the vessel in tlie 
frame, and the acid and soda being thus mixed, the gas iii 
question is evolved in quantities proportionate to those of the 
materials ; and there being no escape for the gas, an enormous 
pressure is produced, which requires great strength in the ves- 
sel to withstand. 

After the gas is thus produced, the two vessels are connected 
by means of coupling screws and the tube c, and the liquefied 
gas flows from the generator to the receiver, e, where it is fur- 
ther condensed by freezing mixtures. 

The charge for generating the gas consists of a pound and a 
half of the soda, Sssolved in a quart of water, and a pound of 
sulphuric acid put into the copper tube. After two or three 
charges thus forced into the receiver, the pressure becomes sufl&- 
cient to liquefy the gas. 

From the stop-cock of the receiver a small tube, c, descends 
nearly to the bottom and dips into the liquid, so that on opening 
the former, it is the liquid, and not the gaseous acid which 
escapes. The nozzle. A, being fixed to the receiver, and the 
stream of liquid acid directed into a small tin box with wooden 
handles, », surrounded with a freezing mixture, the carbonic 
fluid assumes the form and appearance of snow. Its tempera-, 
ture is about 148 degrees Fahrenheit below the freezing point) 

COLD. 

84.-jCold is a negative condition, and dopends on the ab- 
sence, or fHvation of heat' /^Intense artificial cold may be pro- 
duced by the rapid absorptioh of heat during the conversion of 
solids into liquids. Dr. Black long since discovered the prin- 
ciple, that when bodies pass from a denser to a rarer state, heat 
is absorbed and becomes latent in the body so transformed, and 

DeKcribe the method of makinir large quantities of liquid carbonic acid. What 
is Its appearance and temperature? What is cold? How may intense artificial 
eold be produced ? When bodies pass from a denser to a rarer state, is heat or cold 
produced ? 



ooi»eqii«ntl;^ld^ produoeii- And ulso that wlien bodies p 
from a rarer to aden&er atate, their latent heat b evolved, i 
twconiea sensible.-^ 

f It is known to olmoat every one, that dissolving comn: 
salt in water, particularly if the Bait is fioe, will render the 
wal«r BO cold, even in summer, as to be painiiil to Uie handy 

/The salt, as it passes from the solid to the liquid state, absorbs 
caloric from the water, and thus the heat that was before sen- 
sible, beoomas latent, and cold ia produced.^ 

B5. Urat bt condensation.— On the contrary, when a 
piece of load, or iron, is beaten amarUy with a hammer, it 
becomes hot, because iJie metal/in consequence of the hammer- 
iag, has its capacity for caloric ^duced, and thus- the heat which 
was before latent, now becomes sensibley For the same reason, 
when air is compressed forcibly in a tuCe, or as it is sometimes 
called, in a fire-pump, as already explained, the heat, which 
was before latent, becomes sensible, because the condensatioD 
lessens its capacity for caloric. / ^ 

jThe principle on which all freezing miztnres act, is therefore 
the change of state which one or more of the articles employed 
undergo during the prooess, and this change consists in an en- 
lai^d capadty for calorici The degree of cold will then de- 
pend on tie quantity of ca*oric which passes 
from a free to a latent state, and this agmn "°' ^ 

will depend on the quantity of substance 
liquefied, and the rapidity of the liquefaction./ 

86. Sali and smow. — The substances 
most commonly employed for this purpose_ 
are those originally used by Fahrenheit, to 
produce the lero of his thermometric scale, 
»iz.:( common salt and snow, or pounded ic«f 
Fur this purpose the salt should be fine, and 
the ice, which must always be used in sum- 
iMi'r, is to l*e reduced to small particles in a 
cold mortiir. 

f^T.ITlie vessel to contain die substance to 
I* froBt-n may be made of tin, and of the 
rIi:i]«! represi^nted by Fig. 23. It is wmply la Otam. 

a t:>ll veasf.-!, holding a few pints, with a close 

CHiiDH.n hU IB in iliiwiM (Ilia c>id<miiri«ii|>nuurtucoaMedlhri W|||''l'^ 
Mli^'i.Hli'ci" air tiMUmpcMMil I wilU^• tti*°prl>elpki)ii«bl<>blneili«nlK- 
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cover, and a rim round the top, for the convenience of handling 
it. For common purposes, this may be set into any convenient 
wooden vessel, (having first introduced the substance to be 
frozen,) and then surrounded by the freezing mixture. The 
only care to be taken in this part of the process is, to see that 
the freezing mixture in tfie outside vessel reaches as high as the 
contents of the internal one. With two or three pounds of 
fine common salt, and double this weight of pounded ice, three 
or four pints of iced cream may be made in this way, during 
the warmest days of summer. The process requires two or three 
liours, and while it is going on, the vessel should be set in a 
cellar, or covered with a flannel cloth, as a bad conductor of the 
external heat. • 

88. When the thermometer is at 32 degrees, the cold gen- 
erated by the above process sinks itAdoy^n to zero^ By this 
method, two solids are changed into hquids, and both during 
the change absorb caloric from the contents of the inner vessel. 
The salt melts the ice in consequence of the avidity with which 
it imbibes moisture, or by reason of its affinity to water, and 
the water in its turn dissolves the salt. \ 

Other substances, having a stronger affinity {see Affinity) for 
water than common salt, will produce the same effects still more 
powerfully. Thus, muriate of lime {see this article) five parts, 
and ice four parts, will sink the thermometer fi*om 32 degreA 
to 40 degrees below zero, that is, in the whole, 72 degrees. At 
this temperature, mercury freezes. A still more eflective mix- 
ture is/four parts of fused potash, and three parts of sno^ 
This isSaid to sink the mercury from 32 degrees to 60 degrees 
below zero, that is*, 82 degrees. [In these experiments the ther- 
mometers are fiUed with alcohol, instead of mercury i 

89. Freezing mixtures are also made of a solid and a fluid. 
One of the most effectual^ of this kind is composed of diluted 
sulphuric acid and-8now,ior pounded ice. This sinks the mer- 
cury from 32 degrees to 23 degrees below zero. 

Though ice or snow is commonly employed for this purjxjse, 
still power#il frigioric effects may be produced without either, 
the absorption of caloric being caused by the rapid solution of 



On what circumstance will the degree of cold produced by freezing mixtures de- 
pen«n VJi^hat are the substances most commonly used as freezing mixtures? Kx- 
plain Fig. 23, and show how it is to be used. How far below 32 degrees will u mix- 
• tureof iceand common salt sink the thermometer 7 Why does the .valt melt the ic« I 
What substance sinks the thermometer from 32 to 40dt'gree8 btlow zero 1 In tin s-e 
exneriments, why is alcohol used to fill the thermonu'ter, instead of mercury 1 
What ia said of sulphuric acid and snow,* as a ircexiug mixture 1 
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a/salt in a flaidJ One ^ of the most common and cheap amcmg 
tn^ is a mixture of sulphate of soda, or Glauber's salt, and 
diluted sulphuric acid. This sinks the mercury from 60 de- 
grees to 3 degrees above the freezing point, that is 47 degrees. 

90.. In describing experiments of this kind, it should always 
ba noted from what point the thermometer begins to descend, 
ij>therwise no judgment of the power of the freezing mixture can 
be formed. I I^ for instance, a mixture would cause the depres- 
sion of the thermometer from and below any given point, then 
by repeating the process continually, we should be able to find 
the absolute zero. Thus, by means of muriate of lime and 
snow, the thermometer is made to sink 82 degrees, that is, from 
32 degrees above, to 50 degrees below zei#. Now, if the 
same cause would again produce the same effect, by its re- 
ppplication, the thermometer would sink to 132 degrees below 
zero, a degree of cold not to be obtained by such means.^ But 
an unlimited degree of cold can never be produced by the art 
of man ;(for it is found on experiment, that when the tempera- 
ture produced by the freezing mixture, is greatly below that of 
the air, the caloric is so rapidly communicated, as to prevent 
any effect by repeating the process.j Mr. Walker, who made a 
great number of experiments on l^s subject, was never able to 
produce a greater degree of cold than that offlOO degrees 
below the zero of Fahrenheit. J 

91. Temperatures. — The ^following facts and circumstances 
with respect to Temperatures are both interesting and import- 
ant. They were measured by Fahrenheit's scale. The dash — 
indicates that the number is below zero. 

— 220 degrees. Greatest artificial cold, (Natterer.) 

—106 " " " " (Faraday.) 

— 150 " Liquid nitrous oxide freezes, (Faraday.) 

— 122 " Liquid sulphureted hydrogen freezes, (Faraday.) 

— 105 ^ Liquid sulphuric acid freezes, (Faraday.) 

— 7 1 " Liquid carbonic acid freezes, (Faraday.) 

— 91 " Greatest artificial cold, (Walker.)* 

— 56 ** Greatest natural cold, arctic regions, (Sabine.) 

— 58 ** Estimated temperature of planetary space, 

(Fourier.) 



What iiiil}»titiic«>a form a freeziiijt mixture without the use of iceoreoowl In 
in.ikiiiff i-xiif-riinentit with fr^(;7.inf mixtures, why ia it necessary to utate the degree 
Intm wh cb the thermometer beirius to fall ? What is the reason that an unlimited 
titdrrt- of colli c«u not be producMl by art I What is the greatest degree oi cold sver 
pr<iiuc«d 1 
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— 70 degrees. Greatest natural cold observed, (Capt Back.) 

— 47 " Sulphuric ether freezes. ' 

— 89 " Mercury freezes. 

— 30 " Liquid cyanogen freezes, (Faraday.) 

— 7 *^ Equal parts of alcohol and water freeze. . 
20 " Wine freezes. 

32 ^ Ice melts. 

§0.7 " Mean temperature of London. 

81.5 ^^ Mean temperature at the Equator. 

98 ^^ Heat of the human blood. 

117 " Hot wind in Upper E^ypt, (Bruckhardt) 

151 " Wood spirit boils. 

173 " t^lcohol boib. 

212 " Water boils at the level of the sea. 

442 " Tin melts. 

594 ** Lead melts. 

662 " Mercury boils. 

980 ** to 1000. Iron becomes red hot 

1141 ^^ Heat of a . common fire, (Daniel.) 

1869 " Brass melts, " 

2283 " Silver melts, " 

3479 " Cast iron melts. " 

92. Observations about cold and heat. — Our notions of 
the range of temperature acquire all their precision from the 
use of the thermometer. Cold and heat, in popular estimation, 
are both considered as substantial things. But cold is the mere 
absence of heat, as darkness is the al^nce of light. But in 
the open air, at least, the light is never entirely absent, nor is 
there any condition in which heat does not remain. L Thus, ice, 
cold as it is, when compared with our sensations, is only 32 de- 
grees, or at the freezing point of Fahrenhei^'while, according to 
the above table, the thermometer may be cooled more than 
180 degrees below this point. Compared with this tempera- 
ture, therefore, ice, under common circumstance^^ntains more 
than 180 degrees of heatJ (But alcohol has so strong an affin- 
ity to heat, as to remam nuid under the greatest absence of 
it which art has been able to produce, -.this being among the 
few liquids which has not been frozeny and yet it, no doubt, 
has its freezing point, like other fluids, the only difficulty being 
to find this point, by abstracting its heat. 

Does ice contain an;|r heati How many degrees of heat may ice coutaiu 1 Wbat 
ie said al>out tlie freezing of alcolion 
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SOURCES OF CALORIC. 

93. The sources of caloric may be reduced to six, viz. (The 
Sun, C!ombustion, Electricity, the bodies of living warnai-blooded 
animals. Chemical action, and Mechanical actiqg^ 

i The Sun 'constantly radiates . caloric to the earth, and is the 
^at fountain of heat to us and to the whole solar system. 

94. Combustion. — ^This supplies the heat employed in the 
arts, and for culinary purposes. In this process the caloric is 
extricate^^ni the oxygen of the atmosphere, as it unites with 
the burning body and supports its combustionj The light is 
supposed to be furnished by the burning body. 

95. Electricity.— ^henever two bodies in opposite elec- 
trical states are made to approach each other j- so as to produce 
a discharge through the air, or along a non-conductor, there 
appears a flash of light, attended by heat. By the action of 
galvanism, which is a modification of electricity, the most in- 
tense heat hitherto known has been produced. 

\ When the electric fluid passes through a piece of metal, or 
other conductor, of suflicient size, no phenomena are produced ; 
but in its passage through a non-conductor, or through a con- 
ductor which is too small to admit of a free passage, heat is 
produced. I {See Electricity^ in Natural Philosophy.) 

96. Vital ACTiON.^The bodies of air-breathing animals are 
a continual source of heatJ The numerous theories which have 
been invented to account tor the cause of animal heat can not 
here be investigated. That it however depends on the oxygen 
of the atmosphere which we breathe, seems to be proved by the 
fact, that animal warmth can not for any length of time be sus- 
tained without it. 

97. Chemical action.— ^QJiemical action without combus- 
tion is capable of producing considerable degrees of heat; If 
watr^r be thrown on unslacked quicklime, in small quantities at 
a time, its heat will be gradually augmented to nearly 1000 
dfgrifcs, or so as to ignite wood. The heat in this experiment 
IS account(*d for, on the law already explained, that when bodies 
]Miss from a rarer to a denser state, caloric is evolved. The 
ftlaking lime alworbs the water, and retains it as a part of its 
substance, and thus a fluid is converted into a solid, with the 
evolution of much caloric. 



Whm are Ihr vources of caloric? What If the great fountain of heat 1 llow Is 
\w.\ ex(ncal#-ii by combiifi ion < Whtji doe« eleciricity produee heat I What \n the 
eauNf of r|f<irir4l JMAt ? What la Mill of vital actiuu, aa a eauae of heat 1 What la 
Mhl ofchcniical 8<:iioii a« tli« CaiiiM: of licut 7 
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If three parts of strong sulphuric acid and one of water be 
suddenly mixed together, a degree of heat considerably above 
that of boiling water will be produced.r In this case the heat is 
also accounted for on the principle of condensation, ^for if the 
two fluids be measured before and after mixture, it will be found 
that their union has occasioned a loss of bulk, and probably also 
a loss of capacity for caloric. 

The inflammation of spirit of turpentine by nitric acid is a 
case of intense chemical action, in which 1000 degrees of heat 
are evolved. } About sm. ounce of the turpentine, with the same 
weight of ilitric, mixed with a little sulphuric acid, are the pro- 
portions. ; The acid should be poured on the turpentine from a 
vessel tied to a rod several feet long, as the explosion sometimes 
throws the burning matter to a considerable distance. 

98. Mechanical action. — This indud^ percussiorij friction, 
and condensations 

\ Caloric is .evolved by the percussion of hard bodies against 
each other. I This is owing to the condensation of the body 
struck, in consequence of which its latent heat becomes sensible. 

If a piece of soft iron be struck smartly several times with a 
hammer, on an anvil, it becomes hot, and even red hot, if the 
experiment be well conducted. 

When a piece of steel and a flint are struck together, the 
condensation produces so much heat as to set fire to the 
small particles of steel which at the same time are struck off" 
by the blow.. 

99. Friction, — Caloric is evolved, or produced by friction. 
The friction of machinery, when the motion is rapid, frequently 
causes so much heat as to set the wood on fire. The inhabitants 
of various nations obtain fire by rubbing pieces of dry wood 
together. The friction of carriage-wheels sometimes sets them 
on fire. 

The principle on which caloric is produced by friction has not 
been demonstrated. It can not be referred to condensation, 
since the rubbing of two soft bodies together, such as the hand 
against the coat-sleeve, or the two hands against each other, 
cau»e heat. 

Count Rumford, who made a laborious and varied course of 
experiments on this subject, was led to the conclusion that the 

now is the heat produced by throwlnij water on quicklime accounted for ? Wlien 
sulplmric acid and water are mixed, what is the cause of the h«>at produced ? How 
majr spirits of turpentine be inflamed by chemical action 1 Wliat does mf-chanical 
action, OS a source of heat, included IIow is the evolution of heat by perruroion 
accounted for 1 When a piece of steel is struck by a flint, how is the fire produced t 
How ia the heat produced by friction accounted for ? 
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beat produced by friction could not be connected with the de- 
composition of oxygen gas, nor with the increase of density, 
nor could it be caused by any change in the specific caloric of 
bodies. Others have also made experiments with a view to de- 
termine this question, but as yet no one has pretended to give 
auy satisfactory explai^tion of its cause. / 

The Condensation of an elastic fluid by sudden pressure/ 
causes heat, as has already been explained, and illustrated by 
Fig. 15. The heat evolved in this case arises simply from the 
diminished capacity of the air for caloric, in consequence of its 
increased density. 



CHAPTER III. 



LIGHT. 

100. The next imponderable agent which falls under our 
uotice is light The investigation of the properties of light ; 
its laws of reflection and refraction, and its eflects on the, sense 
of vision, are subjects belonging to the science of Optics.^ ' {See 
Optics in Natural Philosophy.) Some of the eflS^ts of light 
are however properly considered here^fvince they produce chem- 
ical phenomena. ^ 

Light may be deconiposed, by means of a prismj^^ipto seven 
primary colors. : The succession of these colors, beginning with 
the uppermost, is violet^ indigo^ bltie^ green, yellow^ orange, red. 
( The decomposition of light only requires that a ray should 
be admitted through a small aperture into a room, and made to 
pass through a triangular prism, as represented by Fig. 24. : 

The direction of the 
ray toward the point ^^' ^ 

f, will be changed by 
tlie refractive power of 
the prism, and at the 
same time it will be 
(l<'Compo«ed into the 
Colors already named, 
ill*; violet corresjjond- 



^j 




Solar Spectrum. 



i..nlIon produce heat 7 To what wlence doe8 the '«n?,"»i'5"'£P ?f 
hi. with its effectn on the aenae of vlaloii, belong 1 Why do aom* 



llriw doca condrn* 

ihr properties of Hch . . , . .:.,,, 

of the err.cta of light properly belong to the Inveallgatlonaof chemiinry 
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ing with 1, and the red with 7. It may be observed by the 
figured that the red is refracted least, and the violet most^- 
from the direction of the original ray, these two colors tennin' 
ating the under and the upper parts of the ^ectrum. 

These seven, are called th^nmary colors; since they can not 
by any known means be again decomposed, or separated into 
other colors. The whole seven are called the(8olar spectrum,^ 

The heating powers of these several colors ^are differtntj 
Take a sensible air thermometer (Fig. 1*7) and move the bntb 
in succession through all the colored raJ's, waiting at each for 
the fluid to rise or fall, the thermometer will be found to in- 
dicate the greatest heat in the red ray; next in the green, and 
so on, in a diminishing ratio, to the violet. 

When the thermometer is moved a little beyond the red ray, 
but in a line with the spectrum, the heat is still greater than in 
the ray itself. These last heating rays are 'invisible to the eye, 
and hence it is concluded that there exists in the solar beam a 
distinct ray which causes heat, but no light. 

The illuminating power of each primary ray in the solar 
spectrum, is different from the other. This is proved by per- 
mitting the spectrum to fall on a large printed sheet, of the 
same sized type, when it will be found, that at the same dis- 
tance, the parte illuminated by some of the rays can be read, 
while those illuminated by others are indistinct. 

Light is capable of being absorbed by certain substances ; of 
remaining in them for a time, and then of being extricated un- 
altered. Such bodies are called solar pkosphori, s 

101. Photometer. — This term signified "light measurer,^ 
and was invented by Dr. Leslie for the purpore of ascertaining 
the comparative intensities of light. In consiste merely of 
a differential thermometer, with one of the balls elevated 
above the other, and left transparent, as usual, while the other 
ball is made of black glass, or is covered with India-ink. The 
clear ball transmite all the rays both of heat and light which 
fall ui)on it, and therefore its temperature is not affectedjf on 
the contrary, they are all absorbed by the black ball, anS by 

Into how many primary colors may light be divided 1 What is the succeBsinu ol 
these colors, beffinuing with the uppermost 1 How may the decomposition of li^ht 
be efftcted 7 Which ray is most, and which is least refracted, from the direction ol 
the original ray ? What are these seven colors called ? What are the whole calU<l? 
What is said of the heating powers of the different rays? Is the greatest heating 
nowe-rin flje red ray, or beyond it 1 Are the heating rays visible, or invtHlble J 
Mow is it proved Ihat fhe illuminating powers of the different rays differ ? What is 
the meaning of the vionl photometer 7 In what manner is it constructtd ^ In what 
maunt r is it used 1 
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heating and expanding the air within, causes it to press upon 
the colored liquid, which ascending toward the clear ball in the 
opposite stem, indicates the degrees of light to which it is ex- 
posed. The whole instrument is covered with a case of thin 
glass to protect it from currents of cool air. . 

It will be observed that the action of this photometer de- 
pends on the heat which the black ball absorbs from the light 
to which it is exposed. 

PHOSPHORESCENCE. 

102! Phosphorescence may be defined, the emission of light 
without-sensible heat, or without combustion. ' 

A considerable number of substances haVe the power of 
absorbing a quantity of light when exposed to the rays of the 
sun, £^nd of emitting it again, so as to become luminous in the 
dark. Most substances lose this property in a short time, but 
acquire it again by another exposure to the sun, and this may 
be repeated any number of times. Several substances by this 
treatment become so luminous as to render minute objects 
visible in tlie dark. Canton's phosphorus is of this kind, and 
may be prepared as follows : Calcine common oyster shells in 
the fire for an hour ; then select the purest and whitest parts, 
and reduce them to fine powder. Mix three parts of this pow- 
der with one of sulphur, and having pressed the mixture into a 
crucible, keep it red hot for one hour. Then let the crucible 
cool, and select the brightest and purest parts, which cork up 
in a dry vial for use. 

When this composition has been exposed for a few minutes 
U) tlif* light of the sun/and then carried into the dark, it will 
be Bufticieritly luminous to show the hour by a watch dial. 

The same property is possessed by compositions called Hom- 
b«^rg'8 and Baldwin's phosphorus. The diamond, also, possesses 
this property, as shown by the celebrated experiment of Dufay, 
who, having exposed a diamond to the light, immediately 
c<>v«'r*»d it with wax, and on removing the wax, several months 
afl'frward, found that it shone in the dark. 

10;J. PnospnoREscKNCE BY FRICTION. — Somc substancos 
phosphoresce by friction, some by scratching, and others by 
neat. 



Wlmc in i>lMM(i»h»»r«'i'cenrp 1 What are solar i)hoKphori ? What Ik kiuI of (lit power 
of lM>f|ini 10 Hb>Mirl> and emit liaht .' Wtiat in I'HUUm'n pliOKphorous ? Huw iii C'lUi- 
li»u'» |l|l4•^|•lloruK pr<iiarf-ci7 What iff nrc«rii><Bry in orUt'r to make this MilMitaiiee 
fthiii*- III ilif- (lark f Ifnw iliil Diifay rontitie the l\^\d in a diamond 1 Whal in mSa 
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That variety of carbonate of lime called dolomite, gi\e^ light 
oii being rubbed. Loaf sugar mixed with whites of eggs and 
dried, as is done for the frosting of cake, emits a streak of light 
on being scratched with a sharp point. Several varietiet of 
tiuate of lime, and of marble, emit light when coarsely pow- 
dere.d and thrown on a hot plate of iron, so as to be seen in 
tliG dark. 

A piece of tobacco-pipe, or a piece of quicklime, when heated 
by the compound blow-pipe, or by other means, to a degree 
wliich would only make other bodies red, give out a brilliant 
phosphorescent fight, which is so intense as to become intoler- 
able to the eyes. ' 

104* Another kind of phosphorescence may be observed 
during the decomposition of certain animal substances. Thus, 
if a small piece of fresh herring, or mackerel, be put into a two 
ounce vial of sea water, or into pure water, with a little com- 
mon salt, and the vial be kept in a warm place for two or three 
days, there will then appear a luminous ring on the surface of 
the water, and if the vial be shaken, the whole will give a phos- 
phorescent lights. 

105. Light produces very material effects on the growth of 
all vegetables, from the most humble plant to the tallest tree 
of the forest. , Plants vegetating in the dark are white, feeble, 
almost tasteless, and contain but little combustible, or carbona- 
ceous matter* ' On exposing such plants to the light of the sun, 
their colors become green, their tastes become much more in- 
tense, and the quantity of their combustible matter becomes 
greatly increased^* These changes are strikingly obvious, and, 
beyond^ all doubt, depend on the agency of light 

106. Light not only affects the natural, but, in many in- 
stances, the artificial colors of things. In this respect, however, 
its effecU appear not to be reducible to any general law, for in 
some instances it destroys, and in others it augments, or even 
creates the colors of bodies. • 

On exposing bees-wax to the sun and moisture, its color is 
discharged, and it becomes white ; it is also well known that 
the colors of printed goods, and of carpets, are changed, or 
faded by the same influence ; and that the former mode of 

What is said of the phosphorescence of a piece of tobacco-pipe, or qnicklime 1 
ITow may a piece of nsh be made to exhibit phosphorescence 1 How are plants 
afFecfed by arrowing in the dark? What changes are effected by the light of the 
fiuu on plants which have grown in the dark 1 How are the artificial colors of thhigs 
affected by light 1 To whal do the colors of plants appear to be entirely owing 1 
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bleaching, coiisisted in exposing the oloth to the united influ- 
ence of light, air, and moisture. 

10*7. On the contrary, the colors of plants appear to be ex- 
clusively owing to their exposure to light ; and various chemical 
preparations^ such as phosphorous, and the nitrate and chloride 
of silver,^become dark colored, and even black, by the influence 
of light. 

108. Influence on ortstallization. — Light has also an 
important and curious influence on the crystallization of salts. 
Make a strong solution of the sulphate of iron, in water, and 
place it in a shallow dish. Cover one-half of the dish with a 
black cloth, and set it in a darkened room, permitting only a 
single ray of hght to enter, so as to strike upon the solution in 
the uncovered part of the dish. Thus one-half of the solution 
will be exposed to the light, while the other half will be in dark- 
ness. After the dish has stood in this situation for a day or 
two, it will be found that no signs of crystallization are to be 
seen in that part of the solution which has been kept in the 
dark, while that part which has been exposed to the light will 
be completely crystallized^ 

109. Plants emit oxygen. — Another curious fact connected 
with this subject is, that pknts emit oxygen gas through the 
influence of the sun's light/ To make this obvious, fill a tall, 
glasa vessel, such as a bell glass, with water, and invert it into 
another vessel of water. Then introduce into the bell glass 
some sprigs of mint, or any other plant of vigorous growth, and 
exfKise the whole to the action of the sun. Small bubbles of 
air will soon appear, as though issuing from the leaves of the 
plant. These will, one after another, detach themselves, av.d 
arise to the upper part of the vessel, and, on examination, tlie 
air tlius extricated will be found to consist of very pure oxygen 
gas./ (See Oxygen.) 

In this experiment the water serves only as the means of col- 
Icctinjj the oxygen, the water itself not being decomposed by 
tlio plant, but only the air which it contains^ The air which 
We bns'ithe contains a quantity of carbonic acid, which is de- 
conipoHcd by the organs of the plant, the carbon being retained, 
whilo the oxygen is emitted. (See Vegetation,) 

Wli»c Mibhtaiirnt become dark rolorrd by the influence of light 1 How is it shown 
thai lisht hiiN an influence on tlie crjrKtallization of salts 1 How is it demonstratrd 
ttui plants rinit oxy^^n gas tlirciuxh the influence of the sau's ligltt 1 DeiKsribe the 
clitni.cal ctiangcii by which plants extricate oxygen gag. 
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CHAPTER ly. 

ELECTRICITY. 

110. The third imponderable agent is Electricity, including 
Galvanism. 

i The ancients knew nothing of electricity as a science. ) They 
knew, indeed, that amber and glass, when rubbed,"" would 
attract light substances ; and about the beginning of the 
eighteenth century, it w£is discovered that a certain stone called 
tourmaline, would attract feathers and hair, when heated, and 
that some precious stones would do the same when rubbed. 
As an important science, electricity can claim no higher date 
than the age of Franklin. 

111. Origin ok galvanism. — Galvanism is of much more 
recent date than electricity. This science owes its name and 
origin to an accidental discovery, made by Galvani, an Italian, 
in' 1 791' Galvani was professor of anatomy at Bologna, and 
his great discovery seems to have been owing, indirectly, to the 
sickly condition of his wife. • Tbis lady, being consumptive, was 
advised to take soup made of the flesh of frogs, as the most 
delicate nutriment. One of these animals, ready skinned, hap- 
pened to lie on a table in the professor's laboratory, near which 
stood an electrical machine, with which a pupil was making 
experiments. While the machine was in action, the pupil 
chanced to touch one of the legs of the frog with a knife which 
he held in his hand, when suddenly the dead animal was 
thrown into violent convulsions. This singular circumstance 
ei^ited the attention of the sick lady, who was present, and it 
was communicated to her husband, who was out of the room at 
the time. Galvani immediately repeated the experiment, and 
soon found that the convulsions took place only when a ppark 
was drawn from the electrical machine, the knife at the same 
time touching the nerve of the frog. He also ascertained, from 
further investigations, that the same contractions were excited 
without the agency of an electrical machine, provided he em- 
ployed two metals, such as ziuc and silver, one of which was 
made to touch the nerve, wihle the other touched the muscle 
of the frog. (See Galvanism.) It is from such a begiiming, 
that the now important science of galvanism had its origin. 

Was electricity known to the ancients as a science 7 What is the date of electricitj 
<i8 a science 1 Tu what circumstanctij does s^ulvanisni owe its ori;j;:ii ? 
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Electridty, as an agent, is considered as an exceedinglj^subtle 
fluid^Ao light as not to aflfect the most delicate balances; 
moving with uameasurable velocity, and pervading ail sub- 
stances. It iSyUherefore, its effects oti other bodies only, or its 
phenomena, Vhich it is in our power to examine. 

112. FOXTTOATIOK OF ELECTRIOITT. The si^plo &CtS OU 

which the whole science of electricity is founded^ may be stated 
in a few words, j 

-If a piece of glass, amber, or sealing-wax, be rubbed with the 
dry hand, or with flannel, silk, or fur, and then held near small, 
light bodies, such as straws, hairs, or threads, these bodies will 
fly toward tiie glass, amber, or wax, thus rubbed, and, for a 
moment, will adhere to them. ' The substances having this 
power of attraction are called electrics^nd the agency by which 
this power is exerted, is called electricity, f Some bodies, such 
as certain ci^tals, exert the samp power when heated, and 
others become electric ^y pressure./ « 

Although these are the simple facts on which 
the science is based, yet electricity exhibits a 
vast number of curious and interesting phenom- 
ena, depending on the variety and kind of 
machinery, and the quantity of the electrical in- 
fluence employed. 

CVVhen a piece of glass, or other electric, has 
been rubbed, so as to attract other bodies, it is 
said to be excited j) and it is found that many sub- 
stances are cap^le of this excitement, when 
managed in a pecuhar manner. . 

113. The most conunon are/ amber, glass, rosin, sulphur, 
wax, and the fur of animals, ^hen an ex- 
cited electric is presented toward a small 
bail made of pith^ or coi^, and suspended by 
a string, Fig. 25^ the ball is attracted to the 
electric, and adheres to it for a moment. 
And if two such balls be suspended so as to 
touch each other, and the excited electric be 
made to touch one of them, the other will 
instantly recede from the one so touched; Eieurieity. 

Whaf ia mid of electricity as ao axent 7 Is it in our power to examine electricify 
aa a aubalance I How are we enabled to examine the properties of Xhw agent ? 
IttrMTibe I iir Kimple ptienomena of electricity. V^hat are eU-cfrica 1 What is eUc- 
inriiy T By what proritw, tM'Mlflea friction, do some bodies become electric ? Whpn 
I* an «irclric vaid to be excited 1 Wlmt are tlie most common elf^trira 1 What 
eff'icl does an excited electric produce ou a suspended pith balll What is the eflrect 
ofl two pith balls in ciiaiactl 
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that is, they will mutually repel each other, and remain for a 
short time in the position shown by Fig. 26. Ji 

114. If^ while they are in this position, one of fig. ». 
them be touched with the finger, or a piece of 
metal, they will again instantly attract each other, 
and cdme together); and, if suspended apart, will 
approach each other, as represented by Fig. 27. 
1^11 5. In the explanation of these phenomena, we 
suppose that all bodies are pervaded with the 
electnc fluid, but that when in equilibrium, like air 
and water, it produces no obvious effects, and that Biedriahi. 
it is only when this equilibrium is disturbed, or 
when some bodies contain more of the fluid than others, that 
electrical efiects can be produced. 

When an electric is rubbed with the hand, or other exciting 
substances, jit receives a portion of the electric fluid from that 
substance ; consequently^ the electric then has a greater portion 
of electricity than is natural, while the hand, or other sub- 
stance, has less.\ When two bodies are in different electrical 
states, that is, ^lien one has more or less than the natural 
quantity, they attract each other.) This is illustrated by 
Fig. 25, where the ball is represented as moving toward the 
excited electric. 

But when two bodies bave each more or less than the natural 
quantity, they repel each other. This is illustrated by Fig. 26, 
where the repulsion is caused by the communication of an un- 
common share of the fluid from the excited electric to one ball, 
and from this ball to the other, and thus the two balls have 
more than their ordinary quantity of electricity, and are in the 
same electrical state. 

On touching one of the. balls with the finger, they again 
attract each other, because the finger deprives this ball of a part 
of its electricity, while the other ball is not affected, and thus 
the two balls are thrown into different electrical states.. This is 
illustrated by Fig. 27. I 



When the balls are thrown apart by repulsion, what effect is produced by touchtnff 

Explain these phenomena. Are all bodies ouDDosea 

does it, in consequence, contain more or le'ss electricity than before 1 Whence does 



one of them with the finger 1 Explain these phenomena. Are all bodies rappos 



tu be pervaded by the electrical Jinid 1 Suppose an electric is rubbed by the nand, 
does it, in consequence, contain more or less electricity than before 1 Whence does 
the electric obtain this additional quantity of electricity 7 When do bodies attract 
each other through the influence of electricity 7 When do bodies repel each other 
through this influence 1 When the balls are thrown apart by repulsiun, why dotbey 
attract each other on touching one of them with the finger 1 
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THEORIES OF ELECTBICITT. 



116. Fba.nklin'8 THEORY.-f-To accoimt for electrical phe- 
nomena, Dr. Franklin supposed, as above stated, that all terres- 
trial things had a natural quantity of that subtle fluid, but that 
its etfects became apparent, only when a substance contained 
more or less than the natural quantity, which condition is 
etFected by the friction of an electric^ Thus, when a piece of 
glass is rubbed by the hand, the eqlnlibrium is lost, Uie elec- 
trical fluid passing from the hand to the glass, so that now the 
hand contains less, and the glass more, than their ordinary 
quantities. i^Theee two states he called positive and negative^ 
implying the presence and absence of the electrical fluid. J If 
now a conductor of electricity, such as a piece of met^l, be 
made to touch the positive body, or is brought near it, the 
accumulated fluid will leave this body and pass to the con- 
ductor, which will then contain more than its natural quantity 
of the fluid. But if the conductor be made to touch a negative 
body, then the conductor will impart a share of its own natural 
quantity of the fluid to that body, and consequently will con- 
tain less than ordinary. Also, when one body, positively, and 
the other negatively electrified, are connected by a conducting 
hubfttaiice, then the fluid rushes from the positive to the negative 
side, and the equilibrium is restored. 

This theory, originally invented by Dr. Franklin, will account 
satis&ctorilj^ for nearly every electrical phenomenon.; There is, 
however, andther theory, that of Dufey, which is still embraced 
by some writers. 

117. Duf^ay's theory. — This theory supposes that there are 
two kinds of electricity, which are termed the vitreous and 
resinous, corresponding with the positive and negative of 
Franklin. This is founded on the fact, that when two pith balls, 
or other light bodies, near together, are touched by an excited 
pitce of glass, or sealing-wax, they repel each other. But if 
olio of the balls be touched by the glass, and the other by the 
wax, they will attract each other. Hence, Dufay concluded that 
i:Ic<»tricity consists of two distinct fluids, which exist together in 
all Uxlies : that these two fluids attract each other, but that 
tlH*y are separated by the excitation of .an electric, and that 

lf'<w ar^ tli«ti«* pheiinmeiia arconnted for nn Dr. Frankliirstlifory 1 What are the 
p>.p I vi* anil ii<*KJlivu electrical htat^nl Doen Dr. PrankliirH theory account for 
i.i..ii< of ih«* phenomena ob*ervtil 1 What t\o the positive and niffative states imply 7 
f|f>vr ilifti Dnfay'H theory difTer from Franklin's ( How do the vitrruiiR and resiuoun 
eJrctnCil.eii ot'Dufsy correcpond with the positive and negative ofKranklln ? 
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when thus separated, and transferred to non-electrics, as to the 
pith balls, the mutual attraction of the two electricities causes 
the balls to rush toward each other. ; 

The electricity corresponding with the positive of Franklin, is 
called vitreous, oecause it is obtained from glass, while the other 
18 called resinoua; because it is obtained from wax and resin. 

In respect to the merit of these two theories, we can only say 
here, that Franklin's is by far the most simple, and accounts 
equally well for nearly every electrical phenomenon. ^ 

118. Conductors of electricity. — Some bodi6 permit 
the electrical fluid to pass through them without difficulty. 
These are called conductors. They are the metals, water, and 
other fluids, except the oils, steam, ice, and snow. The best 
conductors are gold, silver, platina, brass, and iron. "^The con- 
ductors are non-electrics, that is, they show no signs of excite- 
ment when rubbed, under common circumstances^ The electrics 
are non-conductors, that is, they will not cond&ct the electric 
fluid from a negative to a positive substance, and when excited, 
this fluid accumulates on their surfaces, because they have not 
the power of conducting it away. A body is said to be 
insulated, when it is supported by a non-conductor. A man 
standing on a stool supported by glass legs, or standing on a 
cake of wax, is insulated. When one body, or system of bodies, 
is in the positive state, the other part, or ^tem, being con- 
tiguous, is invariably in the negative state. , If one end of a 
stick of sealing-wax, or glass rod, be positive, the other end 
will be negative, and if one side of a plate of glass be positive, 
the other side will be negative. {See Electricity, in Natural 
Philosophy) 

119. Electrical machines. — ^There are two kinds of this 
machine, called the cylinder and plate machines, depending on 
the form of the glass used to excite the electricity. The plate 
machine is considered much the best,' since both sides are ex- 
posed to electrical friction, which, in the cylinder, only the out- 
side can be excited. 

The plate machine is here represented. Fig. 28. It consists 
of a plate of glass, a, a, turning on an axis of wood, by the 

— .-I ■■■ X ^ 

Why is one kind of electricity called vitreous and the other resinous? Which 
theory is said-to be the most simple, and therefore to be preferred? What bodies 
permit electricity to pass through them without difficulty, and what are they called 7 
What are the best conductors? What is the diiference between conductors and 
non-conductors? Why does electricity accumulate when a non-conductor is ex- 
cited ? When is a body said to be insulated ? When one side of a body is positive, 
in what electrical state will the other side be? Which is best, the plate or cvlindef ■ 
electrical machine ) Why ? Describe the plate machine, and its mode of action. 
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lundle h, and supported by a frame fixed to a platform, also of 
wood. On oppo»te sides are two cnetuons, e, e, of leather, 
made to press against the plate by springs. From d, or some 
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other part connected vitL die rubbers, a chain descends to 
the ground as a condoctor of electricity to the plate. The elec- 
trical fluid accumulates on the sur&ce of tbe prime conductor, e, 
which is insulated by a ^ass support, in order to prevent the 
escape of the fluid. By means of suck a machine, especially if 
the nwhions are covered by soft mercurial amalgam, Urge quan- 
titiea of electridty may be accumulated. On turning the plate, 
■parks are seen to pass from its surface to the prime couductor, 
beii^ attracted by sharp points of brass vrire, which issue from 
the bright brass surface of the conductor, A plate of two feet 
in diameter, is suffideot for all ordinary purposes. 



120. The cliemical effects of electricity are most conspicuous 
in that f<inn of this agency known under the name of Oalvanitm, 
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but there are many instances in which common electricity pro- 
duces important chemical changes. 

When powerful electrical discharges are passed through a 
glass tube .containing pure water, by means of a gold or platina 
conductor^ the water is decomposed, and resolved into its two 
elements, hydrogen and oxygenj{9ee these articles^ which imme- 
diately assume the gaseous form. If afterward the gaseous 
mixture thus obtained be submitted to electrical shocks, the re- 
union of these elements will agaita be effected, the hydrogen 
( will be ^inflamed, while its combustion will be supported by the 
oxygen 1 the gaseous mixture will entirely disappear, and water 
will be formed. 

The method of performing this experiment fig^29. 

is shown by Fig. 29, where a represents a ~ 

glass tube containing the two gases, and- 6, c, ^ 
the two electrical conductors, the points of 
which approach so near as to permit the fluid 
to pass through the gases, from one point to 
the other. 

To explain the phenomena of the decompo- 
sition of the water by electrical agenc}|» we 
have to suppose that the two gases are nafiTr- 
ally in opposite states of electricity, but that WaSr. 

when united to form water, the electricity is 
in a state of equilibrium. ' When, therefore, water is submitted 
to the power of this agent, this equilibrium is destroyed, the 
negative gas, or oxygen, passing to the positive conductor, 
while the hydrogen^ being in a positive state, passes to the 
negative conductor. Thus the fluid is decomposed, and assumes 
the gaseous form of its constituents. 

The union of the two gases, and the consequent recoroposi- 
tion of water, is simply in consequence of the heat evolved by 
the electrical shock, as it passes through them. A degree of 
heat, by any other means, sufficient to inflame the hydrogen, 
would produce the same efiect. 

121. Effects of galvanism. — Precisely the same phe- 
nomena are produced by galvanism, both in respect to the de- 
composition of water, and the reunion of its elements. When 

Explain Fig. 29, and show how the latter experiment is performed. What is it 
necessary (o suppose, in order to explain the decomposition of water by electrical 
auency? How does electricity act to decompose water from its two elemental 
What is said in respect to galvanism, as producing the same results av electricity 1 
When sulphate of cop|)er is submitted to the action of electricity, what phenomena 
etisue ? How is this elfect on Jhe wilts acc«>nutfd for? 
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sulphate of copper is submitted to the action of a powerful elec- 
tiical machine^ the salt is decomposed, and the metal is revived 
around the negative wire.! Other metallic salts undergo the 
same decomposition. -/ 

' These effects arise from the different electrical states of the 
elements of which the salts are composed, the positive element 
Leing attracted to the negative conductor,iand the contrary. 
It will be seen directly, that the identity of -galvanism and elec- 
tricity is proved by many similar results. 
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122. Under electro-magnetism will be found the description 
of various magnetic phenomena produced by electricity. Mr. 
Faraday has demonstrated that electrical phenomena may also 
be produced by magnetism, and to these are applied the term 
magneto-electricity. ^.Fov this purpose, 
let a, Fig. 30, represent a hollow fig. ao. 

spiral, or hehx of copper wire, covered 
with silk or cotton thread. The ends, 
6, c, of this wire are connected with a 
delicate galvanometer (139.) A pow- 
erful magnetic bar n, s, is of such a ^'^^■ 
size as to be easily introduced into the 

helix. Now, having connected the ends of the helix with the 
galvanometer, introduce the bar, and instantly the magnetic 
needle will be deflected in one direction, and on drawing it out, 
the deflection will be in the opposite direction.^ Now, as the 
galvanometer can only be moved by the motion of electricity in 
the helix, it is obvious that an electric current is produced each 
time the magnet is placed in it. Hence it appears, that if on 
the other hand electricity produces magnetism, so on the other 
magnetism produces electricity. By causing the pole of a 
jiowerful magnet to revolve near a coil of copper wire, or the 
wire to revolve opposite the pole of the magnet, an electric cur- 
rent may be established in the coil, which may be made sensible 
by sparks, shocks, and chemical effects. 

What \m meftiH by macneto-eiectricity 1 Explain Fig. 30, and describe bow electric 
elftcia may be pruduced by the magnet. 
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CHAPTER V. 

GALYANISlt 

123. It has already been stated, that the science of galvanism 
had its origin from an accidental discovery made by a pupil of 
Galvani, an Italian professor. 

This subject was afterward prosecuted by Galvani, with the 
most untiring ardor, and with great success; and as his dis- 
coveries were made known, from time to time, to the scientific 
world, philosophers in all parts of Europft vied with each other 
in repeating his experiments, in varying them in all possible 
ways, and in making new experiments to account for tha cause 
of the novel and surprising phenomena they observedp An 
account of these researches belong to the history of Galvanism, 
and can not be included in this concise epitome of the science. 

124. Professoji Volta. — It must suffice here to state, that 
the discoveries of-; Professor Volta, ;of Pavia, have contributed 
more toward the phagress and development of the true princi- 
ples of this science, than the united researches of all his co- 
laborera. The discovery and invention of the Galvanic or Vol- 
taic pile, the entire merit of which belongs to thc( professor of 
Pavia, removed all doubt respecting the identity of electricity 
and galvanism, and is said to have been the result of deep 
meditation and reasonings Volta's discovery was published in 
1800, and since that time several modifications and many im- 
provements in the mode of extricating the galvanic influence, 
have been made ; they all, however, appear to be founded on 
his original invention. 

Ts^make this subject plain, it is necessary to state, that Gal- 
vani found, that when the different parts of a recent animal, as 
the nerves and muscles, were made to touch each other, and 
then the opposite ends of this series made to communicate by 
means of two different metals, signs of electricity were always 
apparent. Hence, Galvani concluded that the different parts of 
animals were in opposite states of electricity, and that the metals 
only served to restore the equilibrium. On the contrary, Volta 

What is said of the interest excited among philosophers by the discovery of gal* 
vanism ? What philosopher, next to Galvani, has made the most successful re* 
searches on the nature of galvanism ? Wlio discovered the galvanic pile ? What is 
said concerning the identity of electricity and galvanism) From what experiment 
did Galvani conclude that the diifereut parts of animals are in different electrical 
states 1 
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maintained that the electrical excitement was owing to the con- 
tact of the two metals, and that the animal sul^tances only 
served to conduct the fluid from the positive to the negative 
metal. And to show tliat this was the true theory of the phe- 
nomena, he proved by direct experiment, that when a piece of 
zinc and a piece of silver are placed in contact, and moistened, 
they are both excited, the zinc positively and the silver nega- 
tively. iThus, when a piece of silver, as a dollar, is placed on 
the tenure;' and a piece of zinc under the tongue, and then their 
two edges made to touch each other, electricity will pass from 
the zinc to the silver, of which the person will be sensible, not 
only by a peculiar metallic taste, but by the perception of a 
alight flash of light, particularly if the eyes be closed?) 

The quantity of electricity evolved by two pieces of metal 
being exceedingly small, Volta tried the experiment of adding 
many pieces^ arranging them in pairs, with a conductor be- 
tween them, and found that the galvanic influence wa^ increased 
in proportion to the number of plates thus combined. '• 

Such attempts led him, finally, to construct the Voltaic pile 
already mentioned. This pile consists of a multiplied number 
of galvanic series, terminating at one extremity by a positive, 
and at the other by a negative conductor. 

125. Simple galvanic ciRCLE.4;-The conditions necessary 
for galvanic excitation are entirely difierent from those under 
which common electricity is obtained. We have seen that elec- 
tricity is accumulated when an electric or non-conductor is 
rubbed with the dry hand, or with another non-conductor, as a 
piece of silk, or fiir. In ordinary galvanic excitation, such sub- 
stanceB as are called electrics are not concerned. 

These substances are all conductors of the electric fluid ; one 
of them a simple conductor, the other two having each the 
additional power of diflerent degrees of electrical, or galvanic 
excitement. / v 

These three substances are usuallj^sziQc, water, and copped, 
and these, arranged in the order named, compose a simple gal- 
vanic circle, 

\ The water, which is mixed with a small quantity of acid, not 
only serves as a conductor of the galvanic fluid, from the 

Bjr what simple experiment If It shown that when moistened zinc and silvpr 
toturli eaeh other, electricity passes from one to the other 1 What is the principle on 
whtch the Vohaic pile is constructed ? What is the difference between the sub- 
■Uucc-s iised to collect electricity, and galvanism 7 Wliat three substances usually 
comp<we a simple italvanie circle 1 What is the use qf the water and acid employee 
Id ifif exirication of galvanism 1 
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positive to the negative metal, tut also 

the metals, ia the efficient cause of the gaii-amc ■ 

126. This arrangement, together with the 
course of the electrical agent from one metal to 
the other, and through the water to the first 
inetal again, will be understood by Fig. 81. 

Suppose c to be a plate of copper, and z a 
lat« of zinc, touching each other nt the top, 
and placed in a vessel of acidulated water. 
Then the action of the acid will produce an 
cvolutjon of electricity from both metals, that 
from the zinc being positive, and that from the 
copper negative. The electrical fluid will 
therefore pass from the rinc, through the water, to the copper, 
and from llie copper, by contact, to the zinc, and so in a per- 
petual circuit, in the direction of the arrows. ^. 

127. Compound oalvanio ciitf LB^It is a rtmlti plication of 
tbia principle ; that is, by forming a series of simple galvanic 
circles, which compose the galvanic pile, or pile of Volta, 
already mentioned. ' 

This eompoKnd galvanic circle is constituted by a series of 
simple drcles, so united as to concentrate the influence of the 
whole at a given point. It may bo constructed as follows : 

128. CoNSTRncTioN. — Provide three glass rods, say of two 
feet in length each, and flx thcac in an angular direction from 
each other in a base of wood. Provide, also, circular plates of 
copper and anc, two or three inches in diameter, about the 
eighth or tenth part of an inch thick, and in number propor- 
tionate to the power of the intended pile. Neit, cut out the 
same number of circular pieces of card paper, or of woolen cloth, 
that there are pieces of either metal, but less in Eize.T Having 
thus obtained the elements of tlio pile, its construction consists 
in pladng first on the base, or board, within the rods, a plnl* of 
copper, then on this a plate of zinc, and next, on the zinc, a 
piece of the paper, or cloth, dipped in salt water, or acidulated 
water, thus forming a single galvanic circle. The same ar- 
rangement is observed throughout the whole series ; that is, 
copper, zinc, paper; copper, zinc, paper; except in the last 
circle, or top of the pile, which ends with the zinc. [ Fig. 32 
represents such a pile, a b being the glass rods, and' a x the 

EipliiD V\t- 31, snil ihon tht coiina of Iho gilimrc Suid ) Baw li Iht pile at 
Tolls condriiclcd 1 Alter the frame ii made, and llie pUM of mtUL Bnd paper 
prepsred, how Ih Ihe pile Ihen consructKH Wlien does [h* piL» njienue mud 
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Galvanic Pile. 



pieces of wood, the upper piece having holes to ^^- ^ 

admit the rods, in order to make them secure. 

Such a aeries afljbrds a constant stream of tlie 
galvanic influence, but is always most powerful 
when first constructed, or before the plates be- 
come oxidated, f 

\ On this account, after having been some time 
in use. it requires to be taken in pieces, the 
platf^ cleaned from rust, and then again reopn- 
structed, when it regains its original energy.A 

12y. A pile composed of two dozen plates of 
each motal, will give a small shock, which, when 
taken by the hands, may be felt to the elbows. / The mode of 
receiving the shock is by wetting the hands, and then having 
placed one of them in contact with the zinc plate, which term- 
inates one end of the pile, touch with the other hand, the cop- 
per plate which terminates the other end of the pile. Or, these 
two plates may be touched with a wire, wound with a wet rag, 
and held in the palm of each hand. /When experiments are to 
be made by passing the galvanic influence through any sub- 
stance, this is done by connecting a wire with each terminating 
plate ; the two movable ends of the wire being then brought 
near each other, and the substance placed between them, the 
fluid passes from the positive to the negative side, and so 
through the substance. / These wires are called the poles of the 
Voltaic pile. / ' ' 

Any number of these piles may be connected together by 
making a metalUc communication from the last plate of the one, 
to the first plate of the other, always observing to preserve the 
order of succession from the zinc to the copper, and from the 
copper to the zinc.\ In this manner a galvanic battery is con- 
structed, the power of which will be proportionate to the num- 
^ ber of plates employed. 

130. The galvanic fluid, it ought to have been observed, is 
extricated only on condition that one of the metals enii)li)yed 
Im? more easily oxidated, or more readily dissolved in an acid, 
than the other. I Any two metals will form an efiectivo galvanic 
nppanitus on this condition, and it is always found that the 

How mav tUf pile, after the iilates tiave brcome oxidafpil, b<> made as powerful as 
Mi timl ! \Vtial in (he nuu\f of rfcciviii:; the tihock from tlic ffalvaitic pile ? When it 
U n i|iiir*<| (o piu>H Ihe clf-rtririty Ihroivih a Hiibytnncv, how in this iloiie ? What are 
ttii: Mirm, ur coiKhiriorM, rallt.-d ) IIuw is a {falvHiiic batterv coiiKtriicted i Hi>vr 
tnttt* thf mi'tn\a diflVr, in rwpt-ct to ihHr affinity for oxygen. In or(i»*r to evolve gal- 
TBitiiim Y lu wliai eleciricdl Htate is the metal which Iibm the ■trongcirt affinity for 
oiyg^n 1 



metal bsving the strongest affinity foi- oxygen is positive, whila 
the otlier is negative. JThus, any metal, except that which has 
the JeJist affinity for oxygen of all, may form the positive or 
negative side, by having another metal, more or less oxidable 

ran itself^ placed in contact with it. 
Copper, in contact with zinc, is negative/because zinc is 
most easily dissolved, or has the strongest affinity for osygen 
of the two. But when copper ia in contact with silver, it 
becomes positive, while the silver is negative^ and, for the same 
reason, silver becomes positive when in contact with gold, or 
platina. ^ The greatest etfect is produced, other circunistances 
being equal, when two metals are placed together, one having 
the greatest- and the other the least affinity for oxygen, to zinc 
and platina. j 

Since the invention of Volta, a great variety of different 
methods Lave been devised, in order to extricate the galvanic 
fluid with greater convenience, or with greater power, and also 
to modify its action for different purposes. 

131. ZiNO AND COPPER CUPS. — But, perhaps, the most Simple 
and convenient method of using small degrees of the galvanic 
power, is by means of cylindrical cups, composed of copper and 
line. By this arrangement, the exciting acid is contained 
within the cup of copper, while the zinc may be taken out and 
cleaned with little trouble ; and besides, the apparatus may be 
constructed by almost any one who possesses a small sheet cf 
copper, and another of zinc. 

132J| This arrangement no. 3X 

will be understood by Fie. 
33, where c is a double 
cup, made of two cylinders 
of sheet copper, of unequal 
size, placed one witliin the 
other, and soldered to tho 
bottom, leaving the space 
of an inch between them, 
for containing the acid so- 
lution. The cup, z, is of 
zinc, and is inserted be- 
tween the copper cylinders, 

WhUvill be the Hile or copper when In Fonlacl nlih zinri V 
cjilluden. Wliu*nlh«liHaofIhcllulecu|M,a,a, inlbe'l^unl 
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but is kept from contact with them by small pieces of cork, or 
wood. This is not fixed by soldering, but may be removed at 
pleasure for cleaning, the galvanic power being most intense 
when this is free from oxide.ySThe small cups, a, a, are very 
asefril appendages, for, by filling them with mercuiy, and insert- 
ing the ends of the conducting wires, the voltaic circuit may be 
continued, or broken at pleasure./ These may be made of per- 
cussion caps, soldered on the ends of brass, or copper wire. 

The exciting mixture for these cups may be made of a solu- 
tion of sulphate of copper, in water, or of dilute sulphuric acid, 
to which is added a Httle common salt 

133. Cup battery.-^ Another mode of arranging the gal- 
vanic apparatus, is by means of a row of glasses, each contain- 
ing solution of common salt, or a dilute acid. In each glass is 
placed a plate of copper, and another of zinc, not in contact, but 
so connected by slips of metal, or by wires, that the zinc in one 
cup shall be connected with the copper of the next cup ; the 
zinc in the second cup with the copper of the third, and the 
copper of the third with the zinc of the fourth, and so on 
through the series, except the terminating cups, which contain 
only a single plate each, one of copper, and the other of zinc. 
This arrangement will 
be understood by Fig. 
34, where c and z 
mark the slips of cop- 
per and zinc, and w 
the wire by which the 
opposite poles are 
connected, the arrows 
showing the course of 
the fluid. /The ad- 
vantage of this meth- 
od consists in the ex- 
|»<)sure of the two sides of the plates to the action of the acid ; 
while, by soldering the plates, as in the construction of the gal- 
v.'ui'c trough, one of the surfaces of each metal is protected from 
tht.* at-id, and contributes nothing to the effect. But the bulk 
of this apparatus, and the danger of breaking the glasses, in 
<":l«m? of trails] )ortation, prevents its general adoption. 

I'M. Thol'oh BATTtiKY. — Tliis formerly had the preforenco 

D'acribf the mode of extricatinjr iralvaiiigm by means of glass <^"P*'-. ^'1.^'kI»« 
ai»pMriituK miiil*- with cupa objeciiounble 1 la what if called the trou^jn Daiicry, now 
are the platea united I 

1* 
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Trough Battery. 



among all the known means of exciting the galvanic action, 
and although other, and in some respects, more convenient 
methods have been invented, still this, in many instances, is 
still employedA In the form in wHich it is at present employed, 
the zinc plates are flat, and are surrounded by thin sheets of 
copper, open at top and bottom. \i Formerly the trough was 
divided into cells, into which the dilute acid was placed. But 
it is found that when the copper surrounds the zinc, these di\i- 
sions into cells are useless. 

135. This apparatus 
is shown by Fig. 35, 
where a represents the 
trough containing the 
acid, above which are 
seen the plates of zinc 
and copper fastened to a 
frame, or case of wood, 
with varnished paste- 
board between them, in 
order to prevent metal- 
lic contact. The galvanic influence is conveyed from oiie set 
of plates to the other by the fluid in the trough, which consists 
of one part sulphuric acid, diluted with forty or fifty parts of 
water. 

136. By means of the windlass, 5, the plates are let down 
into the acid, or removed from it with facility. The two wires 
connecting the opposite poles of the battery are seen at c, con- 
fined in little hand vices for the purpose of holding them, with- 
out contact with the hands. The trough to contain the acid may 
be made of mahogany, cemented on the inside, or what is better, 
of porcelain. This battery is supposed to contain twenty-five 
pairs of plates, and when first let down into the acid, will ignite 
steel wire, decompose water, or give a brilliant light, with char- 
coal points on the ends of the poles. 

137. Connected batteries. — Where great power is wanted, 
any number • of these troughs may be connected together, by 
passing a slip of copper from the positive end of one, to the 
n(»gative end of the other trough. For the use of a laboratory, 
this is by far the most convenient, as well as the most powerful 

In the trpugh battery, how are the plates of metal brought Into contact with thp 
acid ? What, are said to be the advantages of this method ? Why is this b ilterv 
more powerful than the galvanic troufrh in which the plates are soldered together 1 
What peculiar conveniences has this arrangement? 

/ 
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meane of obtaioing a hrge quantity of the gali'anic fluid yet 
devbeif When an esperiment is finished, the operator, in a 
few minutes, can rmae ail tlie plates from their trouglis by 
means of pullies, and thus they are suspended, ready to be lot 
duivn again when wanted. The power, also, with tlie s.tme 
t-iiteut of surface, is double that of the galvanic trough, where 
the plates are soldered together, since with the present metliod, 
the catjre surface of each metal is exposed to the actJou of the 
acid. The plates can likewise be more readily cleaned, and the 
whole apparatus more easily kept in repair. 

Tlie Galvanic Battery of the Royal Institution of Great 
liritain, is constructed on the above plan. It is of immense 
power, consisting of 200 troughs of Wedgewood's ware, each con- 
tiiining ten ceUa, and receiving ten double plates of copper and 
zinc, each plate containing a surfnce of thirty-two squaie inches. 
The whole number of double plates is therefore' 2000, and the 
whole metallic surfaeo exposed to electrical e^tbitation at the 
same instant, is equal to 128,000 square inches. 

It was by means of this apparatus that Sir Humphrey Davy 
performed his brilliant experiments, and succeeded | in decom- 
[Hising the alkalies, and showing their mctalUc bases. f{See 
Fotath and Soda.) i 

138. Buksen's BATTEar.l-In this arrangement, charcoal in 
contact with nitric acid, taKes the 
place of platinum foil in other bat- fig. 36 

terles. The carbon is in the form 
of a hollow cylinder, and is made 
by burning, or coking, bituminous 
coal in a proper iron mould. By 
soaking llic coKe in dissolved sugar, 
and c.ilciniug ^ain, great compact- 
ness is given to the CTlindev. Tliis 
niav be fife inches m height, and 
two and a half in diameter, the sides 
U'ini; less than a (|UHrlcr of an inch 
in iliickiicHs. Within the carbon 
vvlimler, i» phiced one of porou.i 
<'i:iy containing a coil of zinc, both 
U ins iiK-ludcd in a glass jar. Tlie 
i-riiii'-cted by the blip, b, of the same 




inc cylinder, e. Fig. 36, b 
metal, with the zinc ring, 
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a, which surrouuds the coke cylinder, the upper end of which is 
diminished, as the figure shows, in order to hold the ring. 

This battery is charged by pouring within the clay tube a 
mixture of one part sulphuric acid and ten of water, and into 
the outer cell, a dilute solution of nitric acid. 

. GALVANOMETER. 

1391 This is an instrument for ascertaining the presence of a 
current of electricity, or galvanism, by the deviation which it 
occasions in the magnetic needleV The simplest galvanometer 
is a magnetic needle suspended between two parallel copper 
wires, connected with the galvanic battery. The wires should 
be insulated by covering fliem with silk, 
or cotton thread, and then varnished. fiq. 37. 

The cups, a, 6, Fig. 37, at the ends of ai 
the wires, are filled with mercury for the 1 T 
convenient insertion of the two poles, i |— 1 

coming frooa the source of electricity, or 1 

galvanism J When this needle is placed ^^ 

parallel to 'the coil, and in the magnetic Galvanometer. 

meridian, as represented in the figure, it 
instantly deviates when the electrical current passes through 
the wires, and the deviation is either to the east or west, accord- 
ing to the direction of the current. If several coils of the wire 
be passed around the needle, the two ends being left free, as in 
the figure, the effect on the needle will thereby be increased. 

140. Graham's galvanometer. — -iThis is a much more per- 
fect than that above described, being indeed the most delicate 
galvanometer invented. It consists of a pah* of magnetic 
needles, Fig. ^38, suspended on the same axis, one above the 
other, as seen in the cut, their attracting poles being opposite 
to each other, so as to leave them little directive power. They 
are sivpended by a single fiber of raw silk. The lower needle 
is inclosed within a circle formed by many turns of insulated 
copper wire, which is covered by silk pr cotton, marked 6, and 
of which p and n are its extremitiesj When the poles of a 
battery are connected with these wires, the insulated hank 
becomes a part of the connecting wire, and the lower needle 
is deflected. The current of galvanism proceeding in one direc- 
tion above this needle, and returning in the opposite direction be- 
low it, conspire to produce the same movement ; and the upper 

What is the galvanometer 1 What is the constniction of Ibis instrument 1 Dow 
ia it employed 1 Describe the construction of Graiiam's galvanometer. 
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needle having its poles re- 
versed, is deflected in the 
same direction by the wire 
below it, as the lower needle 
is by the wire above it. 
Every turn of the wire re- 
peats the influence of the 
fluid upon the needles, so 
that the force is in propor- 
tion to the number of coils. 
This is an instrument of 
great delicacy, but requires 
much care in its construc- 
tion. With the exception 
gf the wire and magnetic 
needles, it may be made of 
wood, of which the best is 
mahogany, but any well 
seasoned wood will answer 
the purpose nearly as well 
for experiments mth this 
excellent apparatus. 



FlO 36. 




QraKam'a Oalvanometer. 



CHEMICAL EFFECTS OF GALVANISM. 



141. It is a singular, and, perhaps, unaccountable fact, that 
the extent of the continuous surface of the metals, from which 
the galvanic fluid is obtained, has an influence over its eflects, 
when employed for various purposes. We should suppose, 
both firom reasoning and analogy, that the amount of galvanic 
action would, in every case, be proportioned to the number of 
Bfjuare inches of metallic surface, and that it would make no 
difference in the result, whether the individual pieces of metal 
were large or small. But experience shows that this is not the 
case. 1 The effect of a battery composed of large plates, and one 
of small plates of the same extent of surface, is quite different, f 
\That composed of the large plates having the most intense 
chemical, or heating power, while that consisting of small ones 
has the greatest eflcct on the animal system! Thus, a man can 
boar with little inconvenience the shock from Mr. Children's 
battery, composed of plates six feet long, and two feet and a 

U there any diflfrrenc© in the efli-ct of a battery composed of large or small platei^ 
when the extent of their eiirfacea ii the aame 1 What ia the difTerencc bctweeu the 
effecta of large and small piatfs 1 
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half wide ; while he would be stunned, or perhaps killed, by 
the shock of the same amount of surface, were it divided so as 
to proceed from plates of only two or three inches in diameter. 
And yet Mr. Children's battery gives the most intensely bril- 
lianji calorific effects, while the calorific agency of the small 
plates is comparatively slight and insignificant. 

The decomposing chemical effects of galvanism have been 
muuh more extensively employed than those of common elec- 
tricity. I Indeed, the decomposing power of electricity was httle 
known oefore the brilliant discoveries of Sir H. Davy, by means 
of galvanism ; but since that time, Dr. WoUaston has shown 
that most, if not all the chemical effects of the galvanic battery, 
may be produced by electricit}^ 

y The decomposition of water by means of electricity was 
effected by the Dutch chemists long before the discovery of 
galvanism. \ A description of the method of doing this has 
already been given, while treating of electricity. This seems to 
have been the most important chemical decomposition effected 
by electricity, before the discoveries of Galvani and Volta. 
\ Since that period, the science of chemistry has owed to that 
of galvanism some of the most magnificent and important dis- 
coveries ever made in that science, \iz. : the decomposition of 
the alkalies, and, as a consequence of this, other discoveries of 
great interest and value. \ 

One of the most extraordinary facts belonging to the agency 
of galvanism, is the discovery that the elements of decomposed 
bodies follow an invariable law in respect to the electrical sides 
on which they arrange themselves. \ Thus, in decomposing 
water, or other compounds containing its elements, the hydro- 
gen escapes at the negative poles, and the oxygen at the posi- 
tive.\l In the decomposition of the salts (see oalts) and other 
compounds, this law is in every instance observed, the same 
kind of element being always disengaged at the same pole of 
the battery. 

142. Decomposition of water. — When a compound con- 
sists of two gaseous elements, they may be readily separated, 
and each gas obtained alone, by placing the compound in a 
bent tube, and then exposing it to the galvanic action. 

This simple arrangement is represented by Fig. 39. 

Will electricity produce the same chemical cfTocts as jralvanism ? Was the de- 
composition of water eff««ted by electricity before the discovtry of galvanism ? 01 
what use has galvanism been to chemistry 7 In the decomposition of water by sal* 
vauism, at which pole of the battery doos-hydrogen always escape ? 
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It consists of a gla^s tube, bent as in 
the figure, a small orifice being ground ^^' ^' 

at the angle so as to let in l£e water ; 
or instead of this, two tubes may be 
used with their lower ends placed in 
contact. The tubes being filled with 
water, and their lower ends placed in a 
dish of the same fluid, the two platina 
wires proceeding from the two sides of 
the battery are passed through cbrks in 
the upper ends of the tubes, and pushed 
down, so as to come within about the 
eighth of an inch of each other. Care ^'^campoaiHan of Water. 

must be taken that the adjustment be 

such as to allow the ^ses as they ascend to come within the 

orifices of the tubes, f 

The battery being n6w set in action, small bubbles of gas 
will be seen to arise from the ends of the wires, but in difierent 
quantities. The tube from the negative wire will soon be filled 
M-ith hydrogen gas, while the other in the same time will be 
only half filled with oxygen.' / This circumstance arises from the 
fact, that in forming water, tfiese two gases combine in the pro- 
portion of two volumes of hydrogen to one of oxygen./ Of 
course, therefore, when water is decomposed, the volume of oxy- 
gen is only half that of hydrogen. 

In this experiment, the poles of the battery must be of pla- 
tina, or gold, otherwise, if they are made of iron, or other oxid- 
able metal, the oxygen combines with the metal instead of 
btiing extricated and rising up the tube. 

I When neutral salts, whether alkaline, metallic, or earthy, 
such as common salt, blue vitriol, or alum, are exposed to the 
action of a powerful battery, the same law is observed f the 
acid, which contains the oxygen, goes to the positive wire, while 
the bases, being alkalies, metals, or earths, are transferred with 
tli«? hydrogen (for these salts always contain water) to the 
n«'«rative wire. 

143. Transfer of elements. — But the most surprising 
effects of the power of this principle is exhibited when the com- 
I»r>und is placed in cups connected with the two sides of the 

DrfkChbe thr mfthod ofdecomposiiii; water by galvanism, and of retaining the two 
ffSMN in a ■cnarate Htate. In performing this experiment, why is the tube on the 
uefaiiv« vicle firM filled with gas T In decomposing the salts, what law is observed 
tal rtwptu to the polef at whlcD their elements are extritfated 1 
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battery, aiid the two coustituents of tbe compound are tranH- 
ferred from one cup to the other. 

If the solution of any saline compound, such as Glauber'ii 
aalt, b« made in water, and placed \a two cups, one connect^^d 
with the positive, and the other with the negative side of the 
battery, then, hy making a communication between the cnjis, 
by means of Bome moistflned asbestos, or cotton, and setting 
the battery in action, the two constituents of the salt will be 
transferred from one cup to the other. 

B44. Fig. 40 will show ' 
the »tnatJon of the cups, Fif. 40. 

the asbestos, and the gal- 
vanic poles of this eiperi- 
ment. Both cups contwn - 
a BolutioD of Glauber's salt. 
This salt is composed of 
sulphuric add, soda, and 
water. The cup, p, is con- 
nected to the positjve side 
of the battery, by a wire, 

passing into the fluid, and the cup, n, with the negative side, in 
the same manner. The cups are connected by the moistened 

, asbestos passing from the Quid of one to that of the other. 

1 When this arrangement is completed, and the battery has been 
some time in action, it will be found that the water in the posi- 
tive cup will have an acid taste, while that in the negative cup 
will have an alkaline taste ; and if the action be continued a 
snfBcient time, all the add contdned in th^ salt will be found 
in one cup, and all the soda in the other. 

145. Nor does it appear to make any difference in the result, 
at what part of the Quid circuit the salt to be decomposed is 
placed. 
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\ This is proved by placing three cups in a line, and connecting 
them together bj moistened asbestos, as shown by Fig. 41. If 
the Glauber's salt, or any other saline compound be put into 
the middle cup, and water into the others, and the two galvanic 
poles be connected with the other cups, p being the positive, 
and n the negative side, then all the acid will be transferred^ to 
the positive, and all the alkali to the negative cup, while the 
water in the middle cup will remain nearly in a state of purity\ 
I If the two outer cups be filled with an infusion of red cabbage 
instead of simple water, the operator can see the progress of -his 
experiment, since the contents of one cup will be turned red by 
the acid, and the contents of the other green by the alkali. \ 
, \ 146. Suspends the law of affinity. — A phenomenon of a 
Instill more extraordinary kindjoccurred to Sir H. Davy, during 
his experiments on this subject, j For it was proved that the 
galvanic action was capable of suspending the laws of affinityJ 
so that an acid might be conveyed through an alkaline sub- 
stance, or an alkah through an acid, without any combination 
taking place between them, or either might be passed through 
a cup of infusion of cabbage, without changing its color. \ The 
three cups being arranged as in the last experiment, and con- 
nected t<^ther by films of moistened cotton, or asbestos, there 
was put into the negative cup, n, a solution of sulphate of soda, 
and into the other two cups, an infusion of red cabbage in 
water ; this infusion being one of the most delicate tests of the 
presence of an acid or an alkali. After these cups, so arranged, 
had been for a short time placed in the galvanic circuit, the in- 
fusion in the positive cup became red, and afterward strongly 
acid, while that in the middle cup continued of the same color 
as at first. \ Thus, as the salt was decomposed, its acid passed 
di rough the middle cup without mixing in the least with the 
water it contained, otherwise its color would have been changed. 
On reversing the connections with the poles of the battery, the 
alk;di of the salt was transferred to the opposite cup, the solu- 
tion of which it tinged green, without in the least atfecting the 
Color of that in the middle cup. \ 

On placing an alkaline solution in the middle cup, the acid 

D'M-r.b^ Fiff. 41. and bhow into which cup the rait ig placed, and into which its 
d flTrrr-nt elaiiienlK are transfernd bv the i^alvanic action. What is the advaniaKe of 
AWnig the two oiitvide ciipa with iiifunioii of red cnbbace ? What extraurdmarv 
phri.om» n»»n la observed in renpect to tiie 8iiitpenHion of the laws of affinity by nal- 
%«inr .-iciiciii ? Dt-Hcnbc the rxperinient hv which il was found that an »cul or an 
alkali waii made to paiw throuuli arup of infUHion of cabbage without clmnKiUf; its 
c.'liir. Wh.it are the oilier nriMifK iihowing that fraWanic action suHpenda the action 
of afflnity I How does Air it. Davy account for tb«M phenomena i 

8 
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was transferred through it without combinatioD ; and when a 
acid was placed in that cup, an alkali passed through it in Uk 
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147. Bird's batteky and decomposino cell.— ^It was form- 
triy supposed that a large quantity of electricity, or intense 
titeetrical acUon, was required to effect the decomposition of 
elementary compoundsj but it appears that a alight current of 
the fluid long continued, is sufficient to produce the same 
effects, in this respect, as a lai^ quantity from a more estensive 
sorfacc, and hence more costly apparatus. 

The following description 
of Fig. 42, will make this dis- Fia. «!. 

tinctly understood. A glass 
tube, a, one and a half inches 
in diameter, and four inches 
long, having the lower end 
closed with a plug of plaster 
of Paris, is fixed by means of 
cork wedges, within the glass 
cylinder 6, which is eight inches 
deep and two inches in diam- 
eter. A sheet of copper, c, 
six inches long and three inches 
wide, is coiled so as to go into the tube w 
To this the conducting copper wire rf is 
sheet zinc, 2, of the same size as the copper, is loosely coiled 
and placed into ^n outer cylinder, to this is soldered tbe con- 
ducting wire e. '■ 

1'he counterpart of this, being the decomposing apparatus, 
the two being connected by the conducting wires, consists also 
of two glass tubes, or of a tube and cylinder, h, i ; the bottom 
of the smaller one is stopped with plaster, or clay, and may be 
an inch in diameter, and three or four inches long; this con- 
tains a strip of platina foil, which is connected witli the zinc 
plate in the other vessel by the wire e. This being the negative 
electrode of the battery, into this ceil is placed the metallic 
solution for experiment. This conductor passing through a 
cork, stops the tube as the cut shows. The outer vessel con- 
tiuus a slip of amalgamated zinc, for the positive pole, or elec- 

Glve BD (ccDODt orBJrd'i dtcompoilng iMlterr t 




Bird-i Baltery. 



ivith the plaster bottom. 
IS soldered. A piecfl of 
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trode, which is soldered to the wire of the copper plate of the 
other vessel, or hatterj. 

148. Action. — Having thus prepared the apparatus, fill the 
large cylinder of the battery with a weak solution of common 
salt, and the smaller one, containing the copper coil, with a 
saturated solution of sulphate of copper, the two fluids being 
prevented from mixing by the plaster bottom of the latter. 
Into the other cylinder, containing the zinc, at the end of the 
wire d, pour weak brine, and into the tube containing the pla- 
tinum, place such metallic solutions as you wish to see reduced 
to the metaUic state on the platinum. This apparatus, Dr. 
Bird states, will continue to afford a continuous current of gal- 
vinism for several weeks, and by it many, or most of the me- 
tallic salts may be reduced to their perfect metallic states. 
{See Bird's Natural Philosophy.) 

149. Theory of galvanism.J-To account for the phenomena 
of galvanism, Sir Humphrey DAvy supposed that the elements 
of compound bodies were in different and opposite states of 
electricity, but that during their chemical union, an equilibrium 
existed in these electrical states. This theory we have already 
mentioned, in accounting for the decomposition of water by 
common electricity.^ But Sir H. Davy believed it to extend in 
general to all cheniical compounds. To explain how the ele- 
ments of bodies may be in this state, he supposed that each 
element is naturally possessed with a portion of electricity, 
whether it is in a state of combination or not ; and tliat the 
elements, in this respect, naturally di\ide themselves into two 
classes, one of which is endowed with positive, and the other 
vMi negative electricity. 1 In proof of this, it is found as an ex- 
perimental fact, that oxygen, chlorine, iodine, {see the latter 
article^) and acids in general, are naturally negativ^ while hy- 
drogen, the metals, and the metallic oxides, and the alkalies, 
are naturally positive. Thus it appears that bodies having the 
btrongest attraction, or chemical affinity for each other, are 
naturally in opposite states of electricity, and that the sup- 
jH>rters of combustion, oxygen, chlorine, and iodine, are all 
ne;^jitively electrified.' 

From such considerations, Sir II. Davy not only accounts for 
tin* chemical agency of the galvanic fluid, but also for that force 
railed affinity, or chemical attraction, which impels bodies of 

III wliRi Mtate of tiertriclly are oxyjren, chlorine, iodine, and the ari<li» jreiierally 1 
In » h.it Hatr are hydmK«n and Ihe niPtalf ? Are^dies havin; tlie Htroiifft-fit chem* 
iral alBuiijr for each uthcr, ia the uimo, or in opposite atatea of electricity 1 
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I 



different kinds to unite and form compounds. ; Thus, oxygen 
being naturally negative, and hydrogen naturally positive, they 
unite with a force or energy proportional to the difference of 
their electrical states. . 

V 150. The decomposing force of the galvanic battery may 
readily be accounted for on the same principle U for if water be 
presented to any substance of a higher state of positive elec- 
tricity than its hydrogen, then a decomposition would ensue, 
because the oxygen would leave the hydrogen, and attach itself 
to that substance for which it had the strongest attraction. The 
voltaic battery produces this effect, by offering to the two con- 
stituents of water stronger opposite electrical energies than these 
two substances have for each other. Thus, supposing the elec- 
trical force of hydrogen for oxygen to be equal to three, and 
that of oxygen to hydrogen to be equal to three, then they 
would combine with a force equal to six. But if we suppose 
the galvanic battery to offer to the oxygen a positive electrical 
energy equal to four, and at the same time to the hydrogen a 
negative energy equal to four, then it is obvious that their com- 
bining force would be overcome, and that the oxygen would fly 
to the positive, and the hydrogen to the negative poles of the 
battery, and thus that this compound would be reduced to its 
original elements ; and we find that this is exactly what hap- 
pens as a fact, when the water is exposed to the galvanic circle. 
151. PosiTrvB AND NEGATIVE ELEMENTS. — Amoug the ulti- 
mate elements which chemistry has developed, there is, at 
present, known to be twenty -two which are characterized by 
their electro-negative, and thirty-two by their electro-positive 
state, in relation to each other. 





ELECTRO-POSITIVE. 




Gold, 


Tin, 


Yttrium, 


Platinum, 


Lead, 


Glucinum, 


Iridium, 


Cadmium, 


9 

Aluminum, 


Osmium, 


Zinc, 


Magnesium, 


Palladium, 


Nickel, 


Calcium, 


Silver, 


Iron, 


Barium, 


Rhodium, 


Cobalt, 


Strontium, 


Mercury, 


Manganese, 


Lithium, 


Copper, 


Lantanium, 


• Sodium, 


Uranium, 


Cerium, 


Potassium. 


Bismuth, 


Zirconium, 





How is the decomposing force of xaWanism accounted for 7 
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ELECTRO-NEGATIVE. 

• 

Oxygen, Fluorine, Tungsten, 

Hydrogen, Carbon, Antimony, 

Nitrogen, Boron, Tellurium, 

Sulphur, Silicon, Titaniui^ 

Phosphorus, Selenium, Tantalium, 

Chlorine, Arsenic, Vanadium. 

Iodine, Molybdenum, 

Observations. — ^These substances, or elements, are negative 
or positive only ib relation to each other, and their mutual 
affinities, appear in a chemical relation, to be in the ratio of the 
intensity of the difference of their comparative electrical states. ; 
As an example, we find potassium to possess the greatest 
affinity for oxygen of any known substance, and while this sub- 
stance is energetically positive, oxygen, on the other hand, is as 
powerfully negative. In the list of negative elements, each is to 
be regarded as negative to all below, and positive to all above 
it, as placed in the table. Thus, hydrogen is negative with 
regard to nitrogen, but positive in regard to oxygen. With 
respect to the recently discovered metals, their places in the 
above arrangement have not yet been ascertained. 

152. Heatinq effects of galvanism./— One of the effects 
of galvanic action is the evolution of heat ; and where the action 
is strong, it is accompanied with light, but not otherwise/^ 

There is a remarkable difference between the conditions 
necessary to the evolution of heat by galvanic action, and by 
common electricity, i In common electricity, there is no produc- 
tion of heat, where the fluid moves through a perfect conductor, 
and without obstruction. When it moves along a rod of 
metal, no sensible heat, or light, is evolved, unless the con- 
ductor is too small for the quantity. But, in its passage through 
non-conducting substances, as air, or dry wood, both heat and 
light are a consequence. / 

But when galvanism passes through a perfect conductor, and 
th<? circuit remains entire, and when no light is evolved, there is 
htill an elevation of temperature caused by its passage. { 

This is readily proved by making the two poles of the fcattery 

What ia ^aid in relation to the truth, or probability, of the electrical theory ad- 
ir.i'ir»i| by Hir II. Ihivy 1 Ih it certain tiiat in any CBse chemical attraction is caused 
t-v iipfNii-ite eli^lrical vtateit ] What im t-aid i>l the heating effects of ffalvauism 1 
What .nre the different comlitionfi under which heat anil iiffht is evolved bv elec* 
fricitj ami ffalvanium 1 When RalvaniKni ih paMed through a perfi ct conductor, 
wlut eflrct i« produced 1 What ia the etTcct when it la paaaed tlu-ou^h water ^ 

8* 
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meet in a vessel of water containing a thermometer,; when it 
will be found that the temperature of the water wilUsoon be 
raised, and if the experiment be continued, the fluid will boil by 
the heat evolved. 

I If the battery consists of an extensive series of electrical cir- 
cuits, very powerful calorific effects are produced by the passage 
of the fluid through metallic wires. ) Iron wire is melted and 
falls down in globules, and steel wire bums, with coruscatious 
too brilliant for the unprotected eye. 

The heating effects of galvanism seem to depend on the con- 
ducting power of the metal employed, the heat being in an in- 
verse ratio to the power of the conductor.; This is curiously 
illustrated by passing the fluid through a wire, or chain, com- 
posed of alternate portions, or links, of platina and silver, soldered 
together, when it will be found that the silver will scarcely be 
warmed, while the platina will be intensely ignitedi 

153. Children's battery. — It appears from some experi- 
ments made with Mr. Children's great battery] that the heat 
excited by voltaic action is more intense than tMat produced by 
any other means. Many substances were fused by it, which 
were exposed to the best wind furnaces, without any impression. 
A piece of platina wire, one-thirtieth of an inch in diameter, and 
eighteen inches long, became instantly red, then white hot, with 
a brilliancy insupportable to the eyes, and in a few seconds was 
fused into globules. . Still, this battery had Uttle effect on water, 
or on the human frame, the shock being felt no higher than the 
elbows. 

,154. But still more brilliant effects were produced by the. 
battery of the Royal Institution, when pieces of charcoal were?^ 
attached to its poles, and then brought near each other. 

This battery, when the cells were filled with a mixture of sixty 
parts of water, and one part of nitric, and one of sulphuric acid, 
aftbrded the most splendid and impressive results. When 
pieces of charcoal, about one inch long, and the sixth of an inch 
in diameter, were placed in the circuit, and made to approach 
each other, a bright spark was seen to issue from one to the 
other, and, in a moment, the charcoal became ignited to white- 
ness. Tfhen, by widening the space between the charcoal points, 

IIow are metallic wires affected by powerful palvanic action ? When galvaninn 
is passed through a chain, the links ol which are alternately silver and platina, what 
is the effect on each metal 1 What is said of the power of Mr. Children's baUery 1 
What effect does this battery have on the human frame ? What are the effects when 
pieces of charcoal are placed near each other, in a powerful galvanic circaiti 
Describe Fig. 43. What substances were fustd by the battery of the Royal InitUvi- 
tioni 
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a constant discharge continued, when they were four inches 
a|>art, aflfording a most brilliant ascending arch of light, broad 
ill the middle, and terminating in points at the charcoal, resem- 
bling, in shape, two jjpnes, 
applied base to base. The Fio. 43. 

shape of this briUiant phe- 
nomenon is represented at 
Fig. 43, where a and b, 
are the poles of the bat- 
tery, with pieces of char- CombuttUm nf charcoal, 

coal attached to them, and, 

Ixitween these, the ascending arch of light When any sub- 
stance was held in this arch, it became instantly ignited /pla- 
tina, one of the most infusible of all the metals, melted in it as 
readily as wax in a candle; quartz, sapphire, magnesia, and 
lime, all entered into fusion ; and points of diamond and plum- 
bago rapidly disappeared, seeming to evaporate with the heat% 




CHAPTER VL 

ELECTRO-MAGXETISIL 



155. It is perhaps a singular fact, that notwithstanding the 
very uumerous and. philosophical experiments made on the sub- 
yici of Electricity/that no one, until at a comparatively recent 
period, ever noticed any connection between that power and 
magoetisiay And yet electricity is never set in motion, unless 
magnetism is at the same time developed. This was first ob- 
served by Prof. Oersted, of Copenhagen, and has since become 
the source of an important series of discoveries, both to science 
and the arts. 

If a suspended magnetic needle bo brought near a wire, 
through which an electric current is passing, the needle will im- 
nietJiately deviate from its usual |)osition, and assume a new 
oiii% d<t|»en<ling uj)on the relative position of the needle and 
i\in». On placing the electric wire af)ove, and parallel to the 
niat^n'i-t, the jm>1«* next to the negative end of the battery always 
nn>\«!S toward the west ;f and when the wire is ])laced below, or 
Ufuivr \\n: ne<*dK*, the jxlle turns toward the Ciust. . When the 

What !■ mUI of maKoHlmn in ronnrction with electricity 1 Wliat taket plac« 
«br« a maiiMit b broui^tit near an electrical current I 
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electric wire is on the same horizontal plane with the needle, no 
declination takes place ^ but the magnet shows a disposition to 
move in a vertical direcnbn, the pole next the negative side of 
the battery being depressed when the wire is to the west of it, 
and elevated when it is at the east. 

156. The magnetic phenomena of a wy^e transmitting elec- 
tricity are such as to appear dependent upon the circulation of 
the magnetism at right angles to the 

electric current, so that if n p, Fig. 44, fig. 44. 

represent the negative and positive n 

poles of the wire, transmitting a cur- j ^ ^ 

rent of electricity in the direction of I ^ [ 

the horizontal darts, a current of mag- « 

netism will be established in the direc- B»iary Magnetism. 

tion of the vertical dart, n, », appearing 

to move round the axis of the electrical current; hence the 
name vertiginous^ or rotary magnetism, sometimes applied to 
these phenomena. That such a rotary current exists under the 
conditions above described, is proved by the fact that, if a mag- 
net has one of its poles loosely fastened, and the other free, the 
electric influence will give the free pole a circular motion; 
while under the same circumstances, the electric wire will rotate 
around the magnet. 

If a steel needle be placed in contact with the electric wire, 
and parallel to it, the needle will acquire opposite magnetic 
poles upon its sides ; but if it is placed at right angles to the 
wire, it will become polar, and possess all the properties of a 
permanent magnet, but slight in degree. 

157. Electrical helix.— ^-If a piece of copper wire be coiled 
by winding it around a solid, say half an inch, or less, in diam- 
eter, the folds not touching each other, an electrical helix will 
be formed, as represented by Fig. 45. This 

being connected with the two poles of an pig. 45. 

electrical battery, and a steel needle placed 

for a second within its folds, the needle will 

be found a strong, permanent magnet, and 

may be employed for any purpose for which 

magnetic polarity is required.. Hence, we Helix. 

must conclude that the force of the magnet 

depends on the repetition of the electrical influence, since, as 

When the electrical wire is above the magnet, which way does it turn 7 When 
below, which way does it move 1 In what manner does the magnetism move with 
reffpect to the electrical current? How is it proved that an electrical rotir^ current 
ex'utBl How is the electrical helix formed ? 
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stated above, if the needle be merely crossed by a single wire, a 
weak magaet only is produced. \ 

For these, ana many other experiments, the little battery 
already described, consisting of cylinders of copper and zinc, is 
sulBcienL 

158. Temporary magnets. — ^These are formed by galvanic 
action on soft iron, the niagnetic power remaining only while 
the influence of the battery continues. 

The best form for 
this purpose is a U mag- fig. 46. 

net, represented by Fig. 
46. It is prepared by 
winding it with coils of 
insulated wire, or cop- 
per bell wire, covered 
with cotton, or silk 
thread, and then var- 
nished. Such a" mag- 
net, with its armature, 
sustaining a weight, 
with the two ends of 
the wire dipped in Httle 
cups of mercury, and 
also the two poles of 
the battery in tne same, 
is shown by the figure. 
It is hardly necessary 
to say that w w show 
the wires, and p n the positive and negative poles of the 
battery. 

159. The effects of a magnet thus prepared, three or four 
inches long, will surprise those who are unused to such experi- 
ments, for having placed the armature near the magnetic poles, 
no attraction between them is produced, but on completing 
the galvanic circuit, the armature of soft iron instantly moves 
to the magnet, adhering with a force proportionate to its size 
and power. Magnets have been constructed in this manner 
\ihich could suspend ten thousand pounds. On removing one 
of the poles of the battery, nothing but soft iron remains, and the 
w<'i;;ht fells instantly. 

WhiU Is the UM of the electrical helix 1 How is it shown that the magnetic forco 
ilr|»Mi«fs on the repefitlon of the electrical influence 1 
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The battery for the above purpose maybe made as shown by 
Fig. 33, the cups being six or eight inches high, anfr the outei 
one three inches in diameter. 



CHAPTER YIL 

ATTRACTION. 



160. jBy attraction is meant that property in bodies which 
gives them a tendency to approach each other, whether they 
exist in atoms, or in masses/ ^Attraction has received various 
names, according to the circumstances under which it is observed 
to act. \Thus, that kind of attraction which extends to all kinds 
and quantities of matter, and to all distances, is called attraction 
of gravitationS/Ihis attraction extends reciprocally from one 
planet to another, and from all the planetn)rthe ftsed stars, 
and is the cause of the orbicular motion of t£e heavenly orbs. 
It also extends to all terrestrial masses of matter, and is the 
cause of their weight, or tendency to approach the center of the 
earth. 

\ The force of gravitation is directly as the q^uantity of matter, 
and inversely as the square of the distance. \ The quantity of 
matter being given, and the attracting force at a certain distance, 
say four feet, being known, then this foice will increase, or 
diminish, as the square of the distance. iThus, if one body 
attracts another, at the distance of two feet, with a force of 
thirty-six pounds, then, at the distance of four feet, its force erf 
attraction will be only one fourth as much, or nine pounds, and 
so in this ratio, whatever the distance may be. {See Natural 
Philosophy,) 1 

^ 161. By attraction of coh£sionj 01 aggregation^ IS meant HnsLt 
force which tends to preserve bodies in masses, by acting on the 
particles of which they are composed. . This attracticm is sup- 
posed to act only at insensible distances, as when the atoms of 
bodies touch each other, and only when the particles of matter 
are of the same kind. 

162i Chemical attraction is that power which forces the par- 
ticles oX bodies of different kinds to combine and form a com- 

What is meant by attraction ? What is attraction of inravitation 7 What are the 
iaW8 of attractive force / Suppose a body is attracted with a force of thirty-til 
noundc!, at the distance of two feet, what will the force be at the distance of foar feet ) 
Wliat is meant by aitraciion of coh**!»ion 7 
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pound.) This force is also called affinity^ because this kind of 
union taM place onty between particular substances. Like the 
attraction of cohesion, it acts only at insensible distances ; that 
is, the particles of bodies must be brought into the immediate 
vicinity of eacl^ other before they will combine. \But it differs 
from cohesive attraction in taking place only between hetero- 
geneous atoms, or among particles of different kinds of matter^ 
Several other kinds of attraction are described, {see Natural 
Philosophy,) but it is chemical attraction, or affinity, which 
must more immediately occupy our attention here. 

AFFINITY. 

163.\Chemical attraction is a subject o^ the highest import- 
ance in tlie study of chemistry, since a knowledge of the whole 
science includes little more than an acquaintance with the laws 
and effects of. affinity, that is, of chemical attraction and 
repTil^ion. \ "^iij^^ 

1|* e have alrlSdy noticed that this science is founded on ex- ^ 
T^enment, and from deductions arising from facts thus discovered. 
Now, chemical experiments are only the means of discovering 
chemical affinities, and a knowledge of these affinities are the 
fJEicts on which the whole science is founded. 

164.^By experiment we know that some bodies have an 
affinity to each other ; tliat is, we know that on presenting them 
to each other, under certain circumstances, they will combine, 
and form a third substance, which differs from either of the 
first \ We know, also, by the same means, that other substances, 
when'|)resented together, in the same manner, will repel each 
other ; that is, they will not combine, nor can they be made to 
unite, so as to form a Uiird substance. 

'This kind of knowledge it is impossible for man to acquire 
without actual experiment \ for by no process of reasoning 
could he ever determine beforehand, whether two bodies would 
attract or re|>el each other, any more than ho could tell what 
they were composed of by mere inspection. 

Wo know, for instance, that when we mix acid and water, the 
two liquids unite, or blend together; now, by reasoning from 
aiialti;^, wo should have the same grounds for believing that 

Wri:il ii rlirnikal attraction 7 How do cohesive and chcmiral attrnciionfi ditfrr? 
Ill what rr*ii|Mrt in u knowlcdi;*; of r)it;iniral attraction important 1 In wluti <i<M>ti a 
kiKiwli-d^c of tilt aciMice of clieniirilry clti« lly coiiHibt 7 What are the facts on wliich 
the »rieiice of cliimiMry ia founded 7 How is it known that some bodies nitrnct, 
while othera repel raeli other I In j) poMihle to gain any knowledge of rhi mistry, 
ei«'e|< bj experiment 7 
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any other fluid would unite with water, that we had for believ- 
ing that an acid would, and therefore that oil and water would 
combine, as well as acid and water. I But experiment shows, 
that on this subject, neither reason nor analogy lends us the 
least aid, for, on mixing the oil and water, w^ find that they 
mutually repel each other, and though blended together, by 
force, they again separate as soon as the force is removed V 

It is, then, only by actual experiment tha£ we can aecide 
whether two bodies have an aflSnity for each other, and conse- 
quently, whether they are capable of forming a chemical com- 
pound, or not. 

165. There are several circumstances wHich affect the results 
of chemical affinity, or conditions on which its action depends, 
which will be mentioned in their turn. There are, also, several 
kinds of affinity, which have received different names, depend- 
ing on the conditions under which its action takes place. 
These appellations and conditions will also .^um attention as 
they occur. ^W 

I 166. With a few exceptions, the first condition necessary to 
effect chemical* combination is, that' one or both the bodies 
should be in a fluid state ; since, however strong the affinity of 
two bodies may be to each other, their particles can not unite 
unless they are free to move.) Hence, to effect the combination 
of solids, their cohesion must first be destroyed, either by solu- 
tion in a fluid, or by means of heat.* The acids and alkalies 
have a strong affinity for each other, but on mixing them, even 
when in the finest powder, no chemical combination ensue4 be- 
cause, in all chemical compounds, the union takes place between 
the atoms of the combining substances. 

But on pouring a quantity of water upon such a mixture, 
chemical action instantly ensues, and a third substance, differ- 
ing entirely from the alkali or the acid, is the result of the com- 
bination. This compound is called a salt 

In like manner, if zinc and copper be reduced to the finest 
powder, and mixed ever so intimately by mechanical force, there 
will still be no intimate union between their particles. But if 
heat be applied so as to reduce them to a fluid state, they com- 
bine with considerable energy, and form a yellow alloy, called 
brass, which differs greatly from the zinc or copper of which it 
is formed. 



What reason would there be to suppose, without experiment, that oil and water 
«eould not combine 1 What is the first condition necessary to effect chemical uolcm 1 
What is necessary, In order to effect the chemioal combination of solids 1 
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167. The most simple cases of affinity are afforded by the 
mixture of two substances which h^ve the power of combining 
with each other, in any proportion. J Water and sulphuric acid, 
or water and alcohol, form such combinations, f What are 
termed neutral sctltSj which are formed by the unian of a pure 
acid and a pure alkali, are instances of the same kind, only that 
tliey do not combine in all proportions. In a great variety of 
instances, after two substances have combined, when mixed 
alone, or without the admixture of any other substance, this 
first union may be destroyed by the intervention of another, or 
a third substance, having a stronger attraction for one of these 
substances then tbey have for each other. This forms an in- 
fttanee of what is termed Elective Affinity, 

SDVOLB ELECTIVE AFFINITT. 

168. This iAIercised when one cQmposition is destroyed, and 
at the same time another is formed. There are many feuniliar 
examples of this kind of decomposition, some of which we wit- 
ness almost every day. I Camphor dissolved in alcohol, or in 
strong spirits, makes a transparent solution ;[ but if water be 
poured into this solution, it instantly becon^es turbid, and the 
camphor separates from its connection with the alcohol, and 
rises to the sur&oe of the fluid. This separation takes place be- 
cause the alcohol has a stronger affinity for the water than for 
the camphor, and the turbidness is caused by the insolubility of 
the camphor in water, in consequence of which it takes the solid 
form. ' 

Som is composed of oil, an alkali, and water. \ The oil and 
wttter nave no affinity for each other, but the alkali has a strong 
affinity both for the oil and water, and consequently the three 
substances unite and form a compound. \ But if an acid be 
mixed with a solution of soap, the compound is decomposed, 
for the alkali has a stronger attraction for the acid than for the 
oil and water, and consequently the oil is rejected and rises 
to the surface, while the acid and the alkali form a new 

compound. / 

\ < 



Why will not •olids combine ts well as fluidsl In what manner may copper 
iiw: be made to combine 1 What are the most simple caaea of affinity 1 Give 



and 
zioc be made to combine 1 What are the most simple caaea of affinity 1 Qive an 
tllUMlrafton of Ihia afflnitr. What is single elective affinity 1 Give an example of 
Ihr eifrclae of this kind of affinity. When water ia poured into a solution of cam* 
phor in spirit, why is the camphor separated? What is the composition of spapl 
Whan an acid la mixed with a solution of soap, why does the oil rise to the surface 1 

n 



98 SINGLE ELECTIYE AFFIIOTT. 

169. Why called elective AFFiNiTY.-/-This affinity is 
called elective^ because, when one substance is mixed with sev- 
eral others it seems to manifest a choice between them, and elects 
one with which it unites, to the rejection of th^ others. / 
I It is most probable that every substance has an affinity for 
ipany other substances, j We know, indeed, that this is true in 
a great variety of instances, since experiment shows tliat one 
substance will form several compounds with other substances, 
in succession, and that these compounds may in succession be 
destroyed by the application of other substances which have a 
stronger affinity to the first. 

lYOJAs an example, supposja sulphuric acid, or the oil of 
vitriol, lo be the first substance, !or the one toward which sev- 
eral other substances have a chemical attraction, but in different 
degrees of forceji then a compound formed between the acid and 
the substance having the least affinity, will be destroyed by the 
substance having the next stronger degree of affinity, and this 
second compound would be decomposed by trt'sul^tance hav- 
ing the next degree of affinity, and so of every substance having 
a stronger attraction for the acid. 

Thus, sulphuric acid has an affinity for barytes, strontiaUy 
potash, soda, lime^ ammonia, and magnesia, and the force of 
this affinity is in the order in which they are named ; that is, 
barytes has the strongest, and magnesia the weakest. A com* 
pound, therefore, of magnesia and sulphuric acid would be de- 
composed by the addition of ammonia, and one of ammonia 
and the acid, by the addition of lime, and so on ; ^but none of 
these substances would decompose that formed between the 
acid and barytes, because these substances have the strongest 
affinity for each other,\ 

• No chemical facts appear, on first view, more simple or intelli- 
giWe than those which are explained by the operation of elective 
affinity. But we shall find on a more minute examination, that 
this force, abstractedly considered, is only one of several causes, 
which are concerned in chemical decompositions, and that its 
action is modified, and sometimes subverted by counteracting 
causesi to be mentioned hereafter. 

Why is this l^ind of affinity called elective ? What is said relative to the attraction 
of one substance for many others? What are the substances named, as having an 
affinity for sulphuric acid, and in what order is the force of this affinity with re«>ect 
to the substances? Suppose soda and sulphuric acid to be combined, which oi the 
■ubstances named would decompose the compound 1 Which of the sabstaneea 
DUm^d wouic) decompose sulphate of barytes 1 
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I7l4 This takes place whenever two compounds, each con- 
sisting of two. ingredients, mutually decompose each other, and 
by a doid>1e interchange of these principle? form two new com 
pounds. I *We have seen that in single elective affinity, one new 
compound is formed by the addition of a single substance, while 
the ingredient thus rejected remains uncombined, or alone, in 
the solution. Thus, when lime is added to a compound of 
magnesia and sulphuric acid, the lime and acid unite, while the 
magnesia is rejected, and remains solitary in the solution, having 
nothing on which to bestow its affinity. 

In double elective affinity, an interchange of the principles 
belonging to each compound is effected, and thus the old com- 
pounds are destroyed, and new ones formed ; and it is curious 
and interesting to observe the consequences of what we should 
call the likes and dislikes of the particles of matter for each 
pther, were theySnimated. 

j 172. It often happens, that a compound of two ingredients 
can not be destroyed by the application of a third, or fourth ' 
ingredient, separatel}^ but if the third and fourth be combined, 
and then the two oolhpounds be brought into contact with each 

. other, decomposition and interchange of principles will ensue. 

/ Thus, sulphate of soda is composed of soda and sulphuric acid, 
and is the substance called Glauber's salt! Now, when lime is 
added to a solution of this salt, there ensues no decomposition, 
because the soda attracts the acid more strongly than the acid 
attracts the lime. / If muriatic acid be added to the same solu- 
tion; there still follows no decomposition, because the sulphuric 
acid has a greater affinity for the soda, than the soda has for 
the muriatic acid./ But if the lime and muriatic acid be pre- 
viously combined, forming a muriate of lime, and this com- 
pound bo added to the solution of the sulphate of soda, then a 
dduble decomposition follows, and two new compounds are 
formed out of the old ingredients. (The lime of the muriate of 
lime, and tlie sulphuric acid of the sulphate of soda, having 
tilrongir affections for each other than the first has for muriatic 
acid, or the second for soda, mutually abandon their old con- 
nections, and having combined with each other, form a new 

W)i<>u do^w double elective nfHiiitv take place 1 In thi« kiud of affinity, how many 
olil rompfMHidrt are ile^troyed, and how many new ones formed at the «ame time 1 
Why dofit not hme dfrunipoNe ttilphate of soda? Why doeH not muriatic acid de- 
e<iBi|MiM Mi'uhMe of aoda 1 What are the rhemlcal cbangev effected when muriate 
of lim« is wMed to a Mlutioo of aulpliate of nodal 
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compound under the name oi sulphate of lime, I The soda and 
muriatic acid being thus rejected, and their former unions dis- 
solved, they combine themselves anew, and form another com- 
pound, known under the name of muriate of soda^ or common 
salt, irhese change^ will, perhaps, be better understood by the 
diagram which foUows : 

Muriate of Soda, 



Sulphate 

of 
Soda, 



Soda, 



Muriatic acid. 



Sulphuric acid. 



Lime. 



Muriate 

of 
Lime. 






I 



Sulphate of Lime, 



I 



On the outside of the vertical brackets are placed the names 
of the original compounds, sulphate of soda and muriate of lime, 
and above and below the diagram those of the new compounds. 
The upper line is straight, to indicate that the muriate of soda 
remains in solution, while the mi vUe of the lower one is directed 
downward, to show that the sulpua|;e of lime is precipitated, or 
falls to the bottom of the vessel 



CAUSES WHICH COUNTERACT OR MODIFY THE EFFECTS OF CHEMICAL AFFINITT. 

173. It has been stated that the effects of chemical action 
are often modified, or even subverted, by counteracting causes. 
The principal causes which have a tendency to counteract 
chemical combinations are cohesion^ quantity of matter^ elastic- 
ity^ and gravity. ! 



COHESIOIf. 

I74i By cohesion, we mean that attractive force by which 
the particles of bodies are i^ept together, and in consequence of 
which, masses are formed.) This force may modify, or entirely 

What are the names of the compounds formed by the doeomposltion of sulphate 
of soda and muriate of limcl Explain the diaijram illustrating these chao|[es. 
What are the principal causes which promote or counteract chfmical changes? 
What is meant by cohesion 1 How does cohesion prevent solution 1 Why will tb« 
same substance in powder enter into solution more readily than when in the massY 
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counteract tbat of chemical attraction ; for the more strongly 
the particles of any substance are united, the greater the 
obstacle to a chemical union with those of other bo<fies, because 
the successful effects of affinity depend on a mutual penetration 
of particles. I Hence, the formation of chemical compounds, with 
some exceptions, requires that at least one of the ingredients 
should be in the state of a liquid, so that the particles of each 
should have free mutual access. Where the affinities are 
strong, and tliS cohesion slight, the union is effected with con- 
siderable energy under such circumstances. Thus, passes of 
carbonate of ammonia, of considerable size, will be dissolved by 
nitric acid ; but when the force of cohesion is great, it is a 
strong barrier to the operation of affinity ./nThus, a mass of 
carbonate of lime, or marble, will remain tor days in an acid, 
when, were it reduced to powder, it would be dissolved in a few • 
minutes. / 

In all such cases, therefore, mechanical division is required 
l)efore rapid solution, or intense chemical action, can be effected. 
Cohesion being thus overcome, solution is readily accomphshedj^^ 
because the solid now presents a greater extent of sur&ce to the 
action of Uie fluid. 

HEAT. 

iVSJf Heay is another means of counteracting the cohesion of 
bodies,' the repulsive power of caloric being indeed the great 
opposing force of that of cohesion, and provided its quantity be 
proportionate to the force of attraction, will so overcome it as 
to render all soUd bodies liquid.! Different substances, it is 
obvious, require different degrees of heat for this purpose. 
Thus, the cohesive force of such bodies as are called liquids, is 
so counteracted by the heat of ordinary temperatures, as to 
make their particles easily movable among each other, a cir- 
cumstance on which their liquidity depends. | But many of 
these substances, such as water and oil, by thJ abstraction of 
heat become solids, because then the repulsive force of caloric 
becomes less than the attractive force of cohesion. I On the con- 
trary, in bodies which we term solids, the attractive force of 
cohesion is greater than the ■ repulsive power of caloric, and 
Ik.'Hc** at all ordinary temperatures, their particles are fixed and \ 

\V»i«l is X\\t opponinif force to cohesion *? What is the cause of nuidify in bodies'? 
How mifht sll b«dl«'s be msde (luld 1 Why doen water become solid when caloric la 
abs(r«clr(l from it 1 On what «loi-s the sididity of bodies depend 1 Wiial is tne only 
by wUtch met^dlic alloys can be produced 1 
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immovable among themselves, a circumstance on \rhicli their 
solidity depends. 

We have stated that the exercise of affinity depends on the 
state of tfie substances concerned, and that in general, one of 
them must be in a fluid state. In most instances, solution is 
effected in some liquid, as an acid, alcohol, or water. (JBut to 
produce metallic alloys, the metals must be brought to a liquid 
state without changing their properties, and this can be effected 
only by means of caloric.) For this purpose, it is only necessary 
that one of the metals, viz. : that requiring the highest degree ' 
of heat, should be melted, and tlie other thrown into this in 
small pieces. 

(QUANTITY OF MATTER. 
Experiment teaches tllat quantity of matter exerts an 
important influence over chemical decompositions and solutions.) 
Thus, we know precisely how much sulphuric acid, for instance, 
will neutralize a given quantity of potash, when in a free state. 
But if the same quantity of potash be first combined with nitric 
acid, forming nitrate of potash, or saltpeter, then more of the 
sulphuric acid is required to detach this quantity than before, 
probably, because some force is employed to destroy the union 
previously existing between the nitric acid and the potash, and 
also because the affinity of the two substances for each other 
d-iminishes when both are nearly saturated. 

In making a solution of a metal in an acid, it may be observed, 
that the chemical action is much more energetic at the begin- 
ning of the process than afterwards, and that if no more acid 
be added, than is just sufficient to dissolve the metal^ the action 
finally becomes so feeble as to require a day or two to complete 
the combination. I But if, in this state, more acid be added, the 
action again becomes brisk, and the metal is soon dissolved. 

J ELASTICITF. 

11 \. Cohesion being found an obstacle to the exercise of 
affinity, it might be expected that the contrary state, that is, 
the absence of cohesion, would facilitate chemical combinations ; 
but experiment determines otherwise. In the elastic fluids, such 
jvs the gases, and common air, cohesion may be considered as- 
entirely wanting. But bodies of this kind, though having a 

What Is said of the influence of quantity of matter on chemical combinatlonst 
Explain how quantity of matter is ilitistrated by the solution of a metal in an acid. 
Does the clastic stale facilitate chemical combinations 1 
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strong affinity to each other, shoes little disposition, under ordi- 
nary circumstances, to combine. | Thus, oxygen and hydrogen, 
though in different electrical states, may be mixed together in 
the same vessel for any period-of time, without the least symp- 
tom of combination. / The reason of this is probably owing to 
the distance of their particles, which prevents that near approach 
to each other required to come within the sphere of mutual 
attraction/ for if the two gases be subjected to pressure by 
means ofnhe little instrument called a fire pump, Fig. 16, they 
unite with explosive energy. 

/ The elastic property not only opposes the chemical union of 
bodies, but is often an agent by which their deconaposition is 
effected when exposed to the influence of caloric. ^ Thus, sub- 
stances containing a volatile and fixed principle, are sometimes 
decomposed by heat alonejbecause the repulsive force of caloric 
removes the elements of tne compound beyond the influence of 
mutual attraction, and the volatile element makes its escape in 
consequence. Many of the salts, composed of an alkali, or a 
metaL and an acid, and water, are readily decomposed by heat 
alone -Y" The water is first turned to steam, and escapes by its 
elasticity! leaving the salt opake, and as the heat is raised, the 
acid is converted into vapor, and escapes in the same manner. 
On the same principle, oxygen is obtained from manganese, 
from nitre, and several other compounds, where it exists as a 
principle. 

GRAVITT. 

177.' When the difference between the weight of the two 
bodies is great, this circumstance opposes their chemical combin- 
ation! Thus, when common salt is thrown into water, it sinks 
to the bottom, where the water soon becomes saturated, and 
will dissolve no more ; but if the water be agitated, the whole 
will soon dissolve. \ It is found, also, that metals differing 
widely in their specific gravities, when melted together, do not 
mix equally, unless they are stirred, because the heavier metal 
settles to the bottom. \ 

\CATALTBIS. 
. . ^. A new chemical law, not within the ordinary force of 
affinity, has lately attracted attention. \ It has been called by Ber- 

Whaf is the mniif prohnblc rrnsoii that f^anes havinf( an affinity fur each rther do 
not unite, when mlx^d under ordinary circumstancefl? How may oxy{r«n and 
hydrofen b« made to romhine ? How does caJoric a'*! to gi'parnte a volatile trom a 
flkrd prtneipto 1 What \b meant by Catalypfn 1 
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zelius the Catalytic force^ and the effect of its actiou Catalysts^ 
fiom two Greek words meaning to unloose downward, Graham 
says that a hody in which this power resides, resolves others 
into new compounds, merely by contact with them, or by an 
action of presence, as it has been termed, without gaining or 
losing any thing itself. NXhus an acid converts a solution of 
starch, at a^ertaifi temperature, first into gum, and then into 
sugar of grapes, although no combination takes place between 
the elements of the acid, and those of the starch, the acid being 
found free, and undiminished in quantity, after effecting the 
change. '\ 

A much* more signal and striking instance is that effected by 
platinum sponge in causing the union between hydrogen and * 
oxygen. In this case, the hydrogen is ignited by merely 
bringing it into contact with the cold platina, and this may be 
continued any length of time without the least change in the 
metal. The student will see this illustrated hereafter. This 
force only applies to particular substances, so far as at present 
known, but may eventually lead to important results in chem- 
ical investigation. 

CHANGES PRODUCED BT CHEMICAL COMBINATIONt. 

1Y9. By chemical combination is meant a union between two 
or more substances of different kinds, so intimate that they can 
not again be separated by mechanical means. • Thus, if clay or 
chalk and water be mixed, the mixture will for a time be turbid, 
or opake, but if suffered to stand for a day or two, the clay or 
chalk will settle to the bottona of the vessel, and the water 
above will become transparent. But if water be mixed with au 
acid, or with salt, or with sugar, the union becomes permanent, 
nor will rest, or filtration, or any other mechanical means, 
separate either of these ingredients from the water. ' Hence the 

. distinction between mechanical mixture and chemical union. 

\In the first, no aflBnity between the substances exists, and there- 
fore no UBion takes place, and the chalk or clay falls to the 
bottom of tbe vessel. In the second, there is a combination 
between the particles of which the substances are composed, 
owing to the affinity existing between them, and hence they 

What examples of this force are mentioned 1 How is the decomposition of a floid 
effected by heat ? What is said of gravity in opposinar chemical union I How Aova 
common salt, in water, illustrate this principle 7 What is said of the combination 
of metals In this respect 7 What is meant by chemical combination t What is the 
distinction between mechanical mixture and chemical union ? Why will not ehalk 
and water combine permanently ? When water and sugar are mixed, why tloci not 
t^e sugar settle to the bottom or the vessel 7 
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are not separated, except by a stronger force than that of the 
existing affinity. \ 

180. Intense chemical action. — ^The changes that accom- 
pany chemical action are in some proportion to its intensity. 
In the instances above named, where water is mixed with a 
small quantity of acid, or salt, this action is feeble, and the sens- 
ible changes produced inconsiderable, being only a slightly 
acidulous, or saline taste, given to the water. But in cases 
where the chemical action is intense, the changes produced in 
the combining substances are often great in proportion. Thus, 
when the two gases, oxygen and hydrogen, are burned together, 
their combination is attended with most intense chemical action, 
by which the highest degrees of heat are evolved, and at the 
same time the change produced is no less than the condensation 
of two elastic gases into the fluid water. 

Many substances which are highly corrosive, in a separate 
state, become mild, and lose all ^eir acrid qualities by com- 
bination with each other. Sulphuric acid and potash, for 
example, are highly caustic substances. They both act with 
great enei^ on animal and vegetable bodies, producing decom- 
position and total destruction of texture. The acid turns the 
blue colors of vegetables to red, and the alkali turns these colors 
to green. But on mixing these substances together, they 
entirely destroy the caustic qualities^ of each other, and there 
results a solid compound, called sulphate of potash, which is mild 
to the taste, and neither acts on animal or vegetable bodies, 
nor changes the colors of the latter. This is called a neutral 
salt, because the substances of which it is composed thus neu- 
tralize the active properties of each other. 

When the opposing properties of chemical agents are thus 
destroyed by combination, they are said to saturate each other, 
and it is found that the acrid and caustic qualities of all the 
acids and alkalies are weakened in proportion as one is added 
to the other, until the point of saturation is attained, when the 
compound becomes neutral, and is not affected by a further 
addition of the ^cid or alkali, which forms a part of its com- 
position. 

181. Change or bulk — A change of hulk is also, in many 
instances, the result of chemical union, so that the two bodies 

Is there any proportion between the infensity of chemical action and the chanires 
produced thereby? What illustrations of this law are given! What effect does 
combination sometimes have on the corrosive properties of bodies'? Give an illus- 
tration of this eff.-ct. What is the comnoKiJion of sulphate of potash 1 What is a 
ueutrai salt ? When are substances saia to saturate each other ? 
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after combination, do not occupy the same space as before. 
Thus, when a pint of sulphuric acid is mixed wiih a pint of 
water, the chemical action is so great as to raise, the thermom- 
eter above the boiling point, and the resulting compound will 
not measure two pints, as before the mixture, but considerably 
less. 

When zinc and copper are fused together, the resulting alloy 
has a specific gravity greater than the medium specific gravities 
of the two metals, showing that their bulks are diminished by 
the union. The same happens when alcohol and water are 
mixed ; and in general it is found that the resulting body, after 
chemical combination, has a greater specific gravity than the 
mean of its components. 

182. Change or color. — ^Another change often produced by 
the exercise of affinity, is that of color. The alloys of any two 
metals do not exhibit the mediums of their two colors. Thus, 
the white metal, zinc, and the red one, copper, when melted 
together, form the yellow compound, brass. The colors of the 
metallic oxides differ according to the quantities of oxygen they 
contain. The black oxide of mercury contains 200 parts of the 
metal and eight parts of oxygen, while the same quantity of 
metal combined with sixteen parts of oxygen, forms the red 
oxide of mercury. We have already had occasion to notice, 
that bltte vegetable colors are changed to red by acids, and to 
green by alkalies ; and in addition to this, we may state gener- 
ally, that all vegetable colors are changed, more or less, by the 
application of these agents. 

183. Change of form. — ^There is still another change, which 
is the effect of chemical affinity, and is often highly important ; 
this is the change of form. Of this change chemistry exhibits 
a great variety of examples, many of which are highly curious 
and interesting. Thus, if a saturated solution of muriate of 
lime in water, be mixed with a small quantity of sulphuric acid, 
the two fluids immediately become a solid. This change is pro- 
duced by the exercise of affinity. The muriate of lime is com- 
posed of lime and muriatic acid, and of this i^lt water will dis- 
solve a large quantity and still remain fluid. The sulphuric 
acid has a stronger attraction for lime than the muriatic has, 



What is said of chanj^e of bulk as a result of chemical action ? Suppose a quantity 
of water and sulphuric acid are mixed, will they occupy the same bulk that they did 
before the mixture! Will the bulk be greater or less than before ? In chemical 
combinations, is the resulting body more or It^ss dense than the medium density of ili 
components 1 What is said of the chanjje of color i)roduced by chemical combioar 
tioDB 1 Is change of form ever «fft etc d bv ch( mical coc.binations 7 
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and the sulphate of lime is nearly insoluble in water. When, 
therefore, the former acid is added to the solution, a sulphate 
of lime is formed, which, in a spongy form, occupies the whole 
vessel. On the contrary, if equal parts of alum and acetate, or 
sugar of lead, be rubbed forcibly together in a mortar, they 
form a compound mass which is nearly fluid. The cause of 
this change from the solid to the semi-fluid state, is also easily 
explained. The alum and sugar of lead contain a quantity of 
water, called the water of crystallization. "When they are 
forcibly rubbed together, the elements of which they are com- 
posed unite in consequence of mutual affinity, and thus the 
water of crystallization is set free, and occasions the partial 
fluidity of the mixture. The great changes which the two gases 
undergo in the formation of water, have already been mentioned. 
Similar changes, so far as respects the condensation of elastic 
fluids and liquids, are phenomena which are frequently witnessed 
in experimental chemistry. Thus, water absorbs about 5,000 
times its own bulk of the gas called ammonia, which is in this 
manner condensed, and forms a part of the liquid. The com- 
pound thus formed is known by the name of spirit of hartshorn. 
Quicklime, in the process of slaking, absorbs a large quantity of 
water, which by the combination becomes solid, and forms a 
part of the dry lime. 

184. Increase of bulk. — In the formation of the gases, on 
the contrary, there is an immense increase of bulk. When 
water is decomposed and made to assume its elementary gase- 
ous form, there is an increase of bulk nearly equal to 2,000 
volumes. That is, a cubic inch of water contains 662 cubic 
inches of oxygen, and 1,325 cubic inches of hydrogen; thus the 
volume is increased 1,987 times by the decomposition. The 
explosion of gunpowder is another example of the vast increase 
of volume by chemical decomposition. 

FORCE OF CHEMICAL AFFINITY. 

1 85. Although it is ascertained, by means already described, 
lh:it the affinity of one body for a number of others, is not of 
«M|ii;il force, yet we are ignorant how much difierence there is in 
tlie forvo^i of these different degrees of affinity. 

The only means of deciding this question is to observe the 

How in ihf rtianre of form arcounter! for when sulphuric acid and muriM^of lime 
•re mixrvl 7 Ifow it the chancre of form explained, when alum and acetate «' l'*d 
are fiirribly mixed ? What In i«aid of the rondensation of ammonia by water, ana th« 
ctiMteuMtion of water by alaking lime ? How many times more bulky are tne guet 
of wbicb water i« cooipoeed, than water Itself? 
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tendency T^hich several substances Iiave to unite with the same 
8ttl)6tance, under similar circumstances. Oxygen, for instance, 
as a universal agent, might be selected as a standard, and the 
force of affinity between this and other bodies be estimated bj 
their degrees of oxidation under the same circumstances. We 
know that there is an immense difierence between the forces 
with which different bodies attract this principle. Some of the 
metals, for instance, absorb oxygen with such avidity, that they 
can not be preserved in their metallic state when exposed to the 
atmosphere, even for a short time ; while others have so little 
affinity for this principle, that they can not be oxidated without 
the most energetic means. Thus, potassium {see this word) 
attracts oxygen with such force as to decompose water, at com- 
mon temperatures, by absorbing it from the hydrogen ; while 
the affinity of platina, or gold, for this prindple, is so weak as 
not to attract it at all, except at the highest degrees of heat, or 
from acids which impart it most easily. 

186. Degrees of attraction in the metals. — ^We may 
constantly observe the effect of the different forces with which 
several metals attract oxygen in the common affiurs of life. 
Thus, iron and lead, when exposed to the moisture of the at- 
mosphere, soon tarnish, and after a time, by the absorption of 
oxygen, their surfaces become covered with rust, or the oxides 
of iron and lead. But silver and gold, when exposed in the 
same manner, continue bright and untarnished for years, as may 
be observed in the points of lightning-rods, and the gilded vanes 
and balls of church steeples. This difference can only arise from 
the different forces with which these metals attract the oxygen 
of the atmosphere. 

There is no department in chemistry, either as a science, or 
an art, which so much needs the investigation of able men as 
this. Tables of affinity, showing at once the force of attraction 
between different chemical elements, would enable the inquirer, 
without further experiment, to decide what substance would de- 
compose any given compound, and therefore how to separate, 
or combine, the* different principles of bodies for a vast variety 
of purposes. Tables to a very limited extent have already beer^ 
constructed for such purposes, but the difficulty and magnitude^ 
of this subject seems to have deterred the more modem chemists' 
from engaging in this extensive department of the science. 

How might the force of affinity be ascertained 1 How do we know that there is a 
great diflftrence between the forces with which bodies attract ozyseo 7 How is thl« 
difference illustrated 1 How is it shown that iron and lead attract ojcyfea with 
greater force than silver and gold ? 
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CHAPTER VIII. ' , 

INDEFINITE AND DEFINITE PROPORTIONa 

187. It is ascertained by experiment that some bodies unite 
in unlimited, or indefinite proportions, while others combine in . 
proportions which are always limited or definite. 

The discovery of the laws of definite proportions is one of the 
most important and wonderful among the great and brilliant 
achievements in modern chemistry. It is sufficient of itself to 
convince any reasoning mind, that order and system pervade 
the universe, and that the minutest atoms of matter, and the 
vast orbs that move round the heavens, are equaUy under the 
control of the invariable laws of the Creator. 

DrDEFINITE PROPORTIONS. 

188. When we mix water and alcohol, or water and any of 
the acids, they unite in any proportion. Thus, a drop of acid 
will combine with any quantity of water, and water will unite 
in the same manner with alcohol, or acid. This principle may 
be tested by direct experiment ; for if a gallon of water be tinged 
blue by a vegetable color, a few drops of sulphuric acid will 
turn every drop in the gallon to a red color, thus proving, that 
this small quantity of acid has diffused itself through the whole 
mass. By similar experiment it can be shown Uiat a small 
quantity of water will diffuse itself through a large quantity of 
acid. These examples prove that some bodies combine in un- 
limited proportions on both sides. 

Other combinations appear to be limited on one side, and un- 
limited on the other. Thus, common salt, and other saline 
substances, will dissolve in water in any proportion short of the 
])oiDt of saturation, after which, if more be added, it will fall to 
the bottom of the vessel and remain solid. The greatest j)ro- 
|>ortions in which water and common salt combine, are those of 
100 of the former, with 40 of the latter ; but the smallest quan- 
tity of salt will diffuse itself through the largest quantity of 
water, and the probable reason why salt does not unite with 

WlMt woukl be the use of tabled, ahnwinn: the force of attraction between differ- 
ent chemical elements? What ia Mid of the discovery of the lawe of definite propor- 
liofM ] What aiibatancea are mentioned, whicli combine in unlimited proportion* 1 
ll.iw i« it proved that a few dropa of acid will dilTuec Itself (hrough a large quantity 
uf water I 

10 
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water in every proportion, is, that its cohesion resists the feeble 
affinity of the fluid after it becomes saturated. 

189. Unlimited proportions show feeble force. — ^In all 
cases where bodies combine with each other in every proportion, 
or where the proportions are limited on one side, and indefinite 
on the other, the force of affinity by which such compounds are 
formed is feeble, and the compounds themselves often differ but 
little from the original ingredients. Thus, alcohol and water 
combine in all proportions, but the union produces only a modi- 
fication of the qualities of each,, the degrees of which depend on 
the proportions of the mixture, and the force of affinity between 
them is so weak, that distillation, by a gentle heat, entirely de- 
stroys their union. Solutions of the salts, sugar, acids, and 
many other principles, are examples of the same kind; a 
moderate heat, and sometimes evaporation, without heat, will 
dissipate the water and leave the other ingredients in their 
former state. 

In these, and a great variety of other instances, although the 
force of affinity is slight, still there is a wide difference between 
such compounds, and mere mechanical mixtures, since the 
latter are separated by rest, while the ingredients of the former 
are not separated by rest, filtration, or any other mechanical 
means. 

These solutions, or combinations, formed by feeble affinities, 
resemble mixtures in respect to the slight changes which their 
ingredients undergo by uniting, while they resemble chemical 
compounds in respect to the inseparable nature of their union, 
by mechanical means. 

190. The writer of the article Chemistry^ in the Library of 
Useful Knowledge, has called such slight combinations chemicttl 
mixtures^ in order to distinguish them from compounds formed 
by energetic affinities, and which come within the law of definite 
proportions. 

But as the student will find in most books on this subject, 
that mixtures are distinguished from compounds only by the 
moans necessary to separate their ingredients, we have thought 

best, at present, to continue the same division ; at the same 

• ' ■ . — ■ 

What bodies combine in limited proportions on one side, and unlimited propor* 
tiona on the other { In what proportions do water and common salt combine ? In 
cases where bodies unite in all proportions, is the force of affinity strong: or weak Y 
What are the substances mentionea which unite in all proportions 1 In what respect 
do combinations, formed by feeble affinities, resemble mixtures, and in what respect 
do they resemble chemical compounds ? What are these slight combinationc called 
in the Library of Useful Knowledge? 
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timo, having it distinctly understood, that the universality of 
definite proportions, applies only to energetic combinations. 

DEFINITB FKOrORTIONB. 

191. By definite proportions in chemistry, it is meant that 
the ingredients, or elements of chemical compounds, unite with 
each other in certain proportions only ; and that these propor- 
tions in the same compound, are, under all circumstances, in- 
variably the same. The proofe of this doctrine are established 
by experiments conducted with the most rigid exactness, and, 
it is true, beyond all controversy. 

The subject of definite proportions may be conveniently 
treated of imder three several propositions or laws, it being un- 
derstood that the proportion of hydrogen in water represents 
unity, or 1, and that this is the common unit to which all the 
other numbers refer. 

192. First. The composition of all chemical compounds is 
fixed and invariable. 

Experiment shows, that some bodies combine in only one 
proportion. Thus, there is only one compound of zinc and oxy- 
gen, called the oxide of zinc. Other bodies combine in two 
proportions. Thus, th^ are two oxides of copper, one of 
which is composed by weight of 1 proportion of oxygen and 
8 of copper, and the other, 2 of oxygen and 8 of copper. 
Other bodies, again, combine in three, four, ^vq^ or even six 
proportions ; the latter being the greatest number of compounds 
known to have been formed by any two substances, within the 
limits of definite proportions. 

193. Change op proportion changes the compound. — 
The proportion of any given compound being invariably the 
iiami*, it follows that its characteristic properties depend on these 
firoporuous, and that if these proportions are changed, the com- 
I»ouud will contain new properties, and therefore a new sub- 
stance is formed. As an example of the change produced on 
tin* compound, by a different proportion of one of its constitu- 
«*iits, we will cite mercury and chlorine, {see Chlorine.) These 
two substances unite in two proportions, the firet of which is 

Wlwt in meant by definite proportions in chemiRtrv 1 Wliat is tlie first law of 
il'-tiiiife proportions? What two substances combine only in one proportion? 
Whnf two mibfrtancei are mentioned which combine in two projiortions, and what 
•fp tiirK** prnporfions? What number of compounds are known to be formed by 
IWM elr-m*-!!!!* ? Tlie pro|)ortioii8 of any chemical compound hein;; definite, what 
W'»u d bf* the effrct of chHUKini; lhe*e proportions \ Wlmt example is fpiven of the 
diflVrcnc** bviwten cvmpoaniU formed of one and two proportions of the sume 

CkOlfUlH 1 
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composed of mercury 100, and chlorine, 36. This forms the 
well known medicine called calomel^ and is sometimes given 
in dozes of a tea-spoonful at a time, without injury. The other 
is composed of mercury 100, and chlorine 72, being one more 
proportion of chlorine than is contained in the calomel. But 
the two compounds in their sensible qualities are entirely differ- 
ent, the latter being one of the most active and fatal of poisons, 
and is known by the name of corrosive sublimate. Thus, two 
substances uniting in one proportion, form a compound which is 
comparatively inert, while in another proportion they form one 
of the most virulent poisons known. Nor is there any medium, 
or half-way union between these bodies ; they combine in these 
two proportions or not at all. For, suppose 100 parts of mer- 
cury should be exposed to the action of 40 parts, by weight, of 
chlorine, then the mercury would combine with 86 parts of the 
gas, and no more, leaving the other 4 parts remaining un- 
touched. And so, on the contrary, if 110 parts of the metal be 
exposed to the action of 36 parts of the gas, then the gas will 
combine with 100 parts of the mercury, while the 10 parts 
would remain uncombined. 

In all energetic combinations the proportions of the combin- 
ing substances are limited in the sam#manner, though the pro- 
tions themselves are exceedingly various. Indeed, it appears 
that the law of limited proportions is as universal and as per- 
manent as the law of gravitation itself, and that its doctrines, so 
far from being founded on the theoretical opinions of men, are 
in truth issued on a general, but more recently discovered law 
of nature. 

194. Second. TF^m two substances unite in more than one 
proportion, the second or third proportions are multiples of the 
first, by a whole number. 

This very remarkable law applies* in every case where bodies 
unite with each other in more than one definite proportion. 
The expression of the law simply means, that the first proportion 
in which two bodies unite, is in the lowest or smallest propor- 
tion in which the two constituents are capable of uniting with 
each other, and that the other proportions are double, triple, or 
quadruple, this lowest proportion. 

What is paid concerning the combination of mercury and chlorine in other pro* 
portions 7 Will 40 parts of chlorine unite with 200 parts o( mercury 1 Oa what 
IS it paid the truth orthe law of definite proportions is founded ? What is the second 
law of definite proportions 1 What explanations are given of this law ? SoppoM 
the smallest proportion in which nitrogen and oxr;;en combine are fourteen of the 
firsthand ei;;ht of the last by weight, what then' will be the second proportioD In 
which ojcygen combinea with nitrogen 7 
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For example, the several compounds of nitrogen and oxygen 
are in the following proportions to each other, viz. : 

NitTogtn. OzjfUk 

Nitrous oxide, consists of 14 parts and 8 parts. 
Nitrous oxide, " 14 " " 16 " 

Hyponitrous acid, ** 14 " «* 24 " 

Nitrous add, « 14 « « 32 " 

- Nitric acid, " 14 ** " 40 " 

Thus the lowest proportions in which oxygen and nitrogen 
combine, being to. each other as the numbers 8 and 14, all 
the other proportions of oxygen are multiples of this first num- 
ber, while the proportion of nitrogen remains the same. The 
second number is the first multiplied by 2 ; the third, the first 
multiphed by 3 ; and so on. These proportions are therefore 
to each other, as the numbers 1, 2, 3, 4, and 5. 

Illustrations of this law can be observed throughout every 
department of chemistry, where the analysis of chemical com- 
pounds are given, and with a single exception, or two, where it 
is most probable the fault is either in the analysis or the want 
of knowledge, the same principle is found to' be exactly true. 
One of these exceptions is found in an oxide of manganese, and 
will be pointed out hereafter. 

195. Multiple proportions. — On these discoveries is 
founded t^e law called the law of multiple proportions, a 
phrase which is often repeated in all the late works on Chemis- 
tr}', and of its general truth, as already observed, there can be 
doubt In the above example, all the succeeding proportions 
of oxygen are multiples of the first. 

196. Third. The third law of combination is nearly connected 
witl^the last, though the ^Terence of expression and of mean- 
ing will be obvious. ThSrlaw is not less extraordinary than 
that of multiple proportions, and may be understood by the fol- 
lowing examples. 

Water, we have already seen, is composed of 8 oxygen and 1 
hydrogen ; hyposulphurous acid is composed of 8 oxygen and 
10 sulphur. Now, it is a curious fact, that the gas called sul- 
phuretcd or sulphide of hydrogen, is constituted of 1 hydrogen 

What fhe third, what the fourth, and what the fifth 7 What la the third law of 
Hriuii*' pro|>ortionHl Explain tluM taw. Huppoee 64 reprenenta the metal, ^nd 8 
ihf oxyffrn. in an oxidn of copnor, and Kuputitfe there is a Becoad oxides what would 
be the uumbers reprenenting the metal and (he oxygen 1 

10* 
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and 16 sulphur; that is, the quantities of hydrogen and of 
sulphur which combine with the same quantity of oxygen, com- 
bine with each other. Again, 36 parts of chlorine and 8 of 
oxygen constitute the oxide of chlorine, and with 1 of hydro- 
gen, form muriatic acid gas : also, 16 parts of sulphur combine 
with 36 of chlorine to form the chloride of sulphur. Hence, 
bodies unite in proportional numbers, as in the above instances 
the proportion of hydrogen is 1, that of oxygen 8, that of sul- 
phur 16, and that of chlorine 36. 

But this law not only applies to the elementary parts of sub- 
stances, such as hydrogen, oxygen, chlorine, and sulphur, but 
also to compound bodies, whose combining proportions may 
likewise be expressed by numbers. 

197. Now, the proportions of any compound being expressed 
by the numbers attached to each element of which it is com- 
posed, the number representing the compounds is con^posed of 
the sum of its parts, or elements. Thus water is composed 
of oxygen 8, hydrogen being 1, and its combining propor- 
tion will therefore be 8 -+-1=9. When one element combines 
with another in several proportions, the number representing 
the single proportion, and those representing the several other 
proportions, are added together to make up the combining num- 
ber of the compound. Thus, sulphuric acid is composed of one 
proportion of sulphur 16, and three proportions of oxygen; 
and as one proportion of oxygen is 8, so the whole number 
representing the oxygen in this acid is 24 ; to. which 16 
being added, makes the number representing sulphuric ^cid 
to be 40. 

*198. Least proportion the fixed number. — -It must be 
remembered that the smallest proportion, by weight, in which 
an element is found to combine, is the fixed number by which 
that element is always represented^ Oxygen is invariabljiirep- 
resented by 8, because this is the smallest proportion in which 
it is known to combine with any other siil^tance. Thus, also, 
water is composed of oxygen 8, and hydrogen 1 ; potash of 
oxygen 8, and the metal, potassium 40. The lowest propor- 
tion in which sulphur is known to combine with any other 

Does this law of numbers apply to the elements of bodies only, or to the com* 
pounds also 1 When the numbers for the elemenis of a compound are known, how 
may the number for the compound be found? What are the numbers for hydrogen 
and oxygen in water 1 What then is the number for water 1 flow does it appear 
that 40 is the number for sulphuric acid 7 Are the numbers for each element ftod 
compound invariable 1 
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substance is 16, and therefore sulphur is always represented 
by this number. Thus sulphuret of lead is composed of one 
proix)rtion of sulphur 16, and one of lead, whose combining 
number is 1 04. Its number therefore is 1 6 + 1 04 = 1 20. We 
have just mentioned that the combining number of any com- 
pound is represented by the ^ sum of its simple, or elementary 
parts. This will now be understood ; for by adding the num- 
bers representing the elements in each of the above examples, 
we shall have those by which the compounds are represented. 
The number for water, as already shown, is 9 ; the number 
for potash is 48, viz., 8 hydrogen, and 40 potassium; that foi; * 
sulphuret of lead is 120, viz., sulphur 16, and lead 104. 

199. By remembering the combining weights of the elements 
of any compound, the number representing that compound may 
at once be known. For example, hydrate of potash is composed 
of water and potash; water is composed of oxygen 8, and 
hydrogen 1=9. Potash is composed of potassium 40, and 
oxygen 8=48. These two sums being added, viz., 9+48=57. 
Thus, the number for hydrate of potash is 57. Again, the 
salt ciiUed sulphate of potash is compounded of sulphuric 
acid and potash. Now, to find the number representing its 
combining proportion, we have only to remember that sulphuric 
acid is composed of one proportional of sulphur 16, and three 
jiroportionals of oxygen 24, and that the sums of these two 
numbers are 40. The number for potash, as above seen, is 48 ; 
tlierefore the number for sulphate of potash, being the sum of 
these two numbers, is 40+48=88. 

It is unnecessary to adduce further examples, since the intel- 
ligent student will be able to understand from the above epi- 
tome, not only on what kind of fects the laws of definite pro- 
portions are founded, but will also, it is hoped, be able to apply 
the above principles to the proportional numbera of the most 
common substances to be mentioned hereafter. 

COMBINATION BT VOLUMES. 

200. The doctrine of definite pr6portions was founded on the 
suggestions of Mr. Iliggins, of Glasgow, published in 1789. 

(Ill what circiimstanceti is the numher for an element founded 1 What ii the num 
brr for Miliihunt ol'leiun What other numbers is this number composed of? Ify 
dr«l«: of poiiu«h in conipostd of waltr and polasli, liow will you find the number 
whifh rrprnifntii hydrute of potash 7 What it: i\\c composition of Kulphate of pot- 
ash I How m.«y the numbtrr reprchcnting this compound be found 1 Who first sug. 
trstetl the dortriue of definite prOportiouM 1 Who extended this subject, and brought 
, befora the public 1 
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But it was Mr. Dalton, of MaDchester, in England, who estab- 
lished the laws of chemical combinations, and who has the 
merit, of not only discovering almost all Uiat is known in the 
details of this subject, but also of having brought it distinctly 
before the world. Mr. Dalton published his views of the doc- 
trine of definite proportions in 1808, soon after which. Gay 
Lussac, a French chemist, proved, by a publication in one of the 
journds, that gases unite in simple and definite proportions, 
and among other instances, showed that water is composed 
precisely of 100 volumes of oxygen, and 200 volumes of hy- 
drogen. It was afterward shown, by the same author, that 
other gaseous substances, which are capable of a chemical union 
with each other, unite in definite proportions, by measure or 
volume, and that these proportions are in the simple ratio of 
1 to 1 , 1 to 2, 1 to 3, and so on, as above stated. 

These observations have since been confirmed by numerous 
experiments, instituted by the first chemists of the age, and at 
present it is as fully established, that the law of definite propor- 
tions extends to the volumes of gases, as it does to their weights, 
and to those of solids. As an illustration of the truth of this 
law, we adduce the condensation of hydrogen and oxygen by 
combustion, because these gases are more generally known than 
any others, and because their combination is also one of the 
most femiliar examples of definite proportions by weight. The 
apparatus for this purpose it is unnecessary to describe, it being 
suflBcient for our present purpose to state that the experiment 
has often been made with the most infallible accuracy. 

201. Method of finding proportions. — ^The invariable 
proportions in which oxygen and hydrogen combine, are, by 
volume, one of the first, and two of the last, and by weight, six- 
teen of oxygen to one of hydrogen. Thus, the specific gravities 
of these two gases are to each other as the numbers one and 
sixteen, that is, a cubic foot of oxygen is just sixteen times as 
heavy as the same bulk of hydrogen. The reason why hydro- 
gen is represented by one, as its combining proportion, by 
weight, while its combining volume is double that of the oxy- 
gen, will be seen hereafter. The mode of ascertaining the com- 
parative volumes in which these two gases combine, is to 

What is said relative to the union of the prases by volume 7 In what ratio do the 
gases combine by volume? What illustration is given of the union of the gase? by 
volume 1 What are the proportions in which hydrogen and oxygen combine by 
volume, and what are these proportions by weighl 1 What are the relative specific 
'^'i^vities of these two gases 1 What is the mode of ascertaining the volumeB of these 

>e8l 
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measure tbem carefully, and haviDg introduced them into a 
glass tube, the mixture is inflamed by an electric spark ; and in 
every instance it has been found, that whatever the proportions 
of the mixture might be, in respect to each other, the ratio of 
combination is always the same, and consists of two parts of hy- 
drogen, and one of oxygen, by volume. When one measure of 
oxygen is mixed with three of hydrogen, there will remain in 
the vessel one measure of hydrogen uncombined and pure, and 
no continuance of the electricity will, in^the least, change this 
proportion ; and so, two measures of oxygen and two of hydro- 
gen, leave one measure of oxygen in the same manner. 

202. Union bt volume. — When other gases unite, merely 
in consequence of being brought into contact, and without com- 
bustion, the same law applies ; that is, if the volume of one be 
greater than its combining proportion, the excess remains pure 
and untouched. 

We give a few examples of the proportions in which gases 
unite by volume : 

VahBBMi Volnmei. 

100 muriatic acid gas combine with 100 ammoniacal gas. 
100 oxygen gas ^ 200 hydrogen gas. 

100 hydrc^en gas "' 50 oxygen gas. 

100 nitrogen gas ^ 200 oxygen gas. 

100 chlorine gas " 100 hydrogen gas. 

100 nitrogen gas " 300 hydrogen gas. 

Another curious fact concerning the union of the gases is, that 
many of them suffer a diminution of bulk, which is also in a 
simple ratio to the volume of the one or both. Thus, when 
three volumes of hydrogen and one of nitrogen combine, they 
instantly contract into two volumes, or one half their former 
bulk, and form gaseous ammonia. A similar condensation 
takes place when several of the other gases combine. 

Suppose on« measure of oxygen is mixed with three of hydrogen, and inflamed, 
what wiU beconie of the third measure of hydrogen? Does the same law apply 
wli»a two gases combine without combustion 1 What illustrations are given or the 
combioaCk»n of gases by Tolome 1 What Is meant by chemical equivalents Y 
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CHAPTER IX. 

CHEMICAL EUUIVALENTS. 

203. It was long since proved by Wenzel, a German chemist, 
that when two neutral salts decomposed each other, the result- 
ing compounds are likewise neutral. That is, the acid of one 
will exactly neutralize the alkali of the other; and although 
two new salts are formed by this mutual decomposition, they 
will both, like the original compounds, be equally neutral. If 
one of the salts be in quantity too large for the combining pro- 
portions, then the excess of that salt will remain undecomposed 
in the solution, and only such a portion of it will be decom- 
posed as is just sufficient to neutralize the constituents of the 
other salt. 

204. Hence, Chemical Equivalents are those definite prGpor- 
tions of one substance^ which neutralize definite proportions of 
another substance. 

The truth of this law may be demonstrated by setting down 
the combining numbers of two salts, and the number represent- 
ing the two new compounds, and then by exchanging the num- 
bers representing the combining parts, the numbers for each 
confound will be found to represent the number for the new 
compound, and the combined numbers of the old and new com- 
pounds will be equal to each other. Thus, the number for sul- 
phuric acid is 40, and the combining proportion of potash is 
48, and therefore the number for sulphate of potash, is 88. 
The combining proportion of nitric acid is 64, and that of 
baryta 78, and the sum of these two numbers is 132, which 
represents the nitrate of baryta. Now, when these two salts 
are mingled together in solution, both are decomposed ; the 54 
parts of nitnc acid of the nitrate of baryta will saturate the 48 
parts of potash of the sulphate of potash, making a new salt, 
nitrate of potash, whose combining number is 102. At the 
same time, the 40 parts of sulphuric acid of the sulphate €f 
potash will combine with, and saturate, the 78 parts of the 
baryta of the nitrate of baryta, forming another new salt, 

How may it be proved that when two salts decompose each other, the acid of dm 
exactly neutralizes the alkali of the other 7 What number represents nitrate of 
baryta 1 Whtit number represents sulphate of potash 1 When these two salts do* 
compose each other, what are the names of the new salts formed, and what Is Um 
number for each ? 
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tulphaU of harytOj whose number will therefore be 40 added to 
78=118. 

Now, it may be observed that the sums of the proportional 
numbers of the old and new compounds are equal, and the 
sam^ and therefore that there can be no excess in either of the 
alkalies or acids. This may be shown thus : 

Sulphuric acid 40, and potash 48, form sulph. potash, 88 
Nitric acid 54, and baryta 78, form nitrate baryta, 132 

Sum of the old compound, 220 

Sulph. acid 40, and baryta 78, form sulph. of baryta, 118 
Nitric acid 54, and potash 48, form nitrate of potash, 102 

Sum of the new compound, 220 

205. Utility op these laws. — ^The utility of being ac- 
quainted with these important laws is almost too manifest to 
require notice. Through their aid, and by remembering the 
pro[>ortional numbers of a few elementary substances, the com- 
position of an extensive range of compound bodies may be cal- 
culated with facility. By knowing that 6 is the combining 
proportion of carbon, and 8 of oxygen, it is easy to recollect 
the composition of carbonic oxide, and carbonic acid ; the first 
being composed of 6 carbon and 8 oxygen, and the second 
of 6 carbon and 16 oxygen. By simply remembering, there- 
fore, that carbonic oxide is composed of one proportion of car- 
bon, and one proportion of oxygen, and knowing that carbon 
is represented by 6 and oxygen by 8, we at once arrive at its 
composition. And by recollecting that carbonic acid has one 
projiortion of carbon and two of oxygen, the composition of 
tliis is aL«»o known. It may be. remembered that the number 
for potassium is 40, and that when combined with one pro- 
iiortion of oxygen 8, it forms potash 48. Now, by remem- 
L'riiig these data, we know, without further trouble, the com- 
P'OKitioii of tlie carbonate and bicarbonate of potash. The 
(•arlx)nate Ix^ing composed of one proportion of carbonic acid, 
22, (that is, carbon and 16 oxygen,) and one proportion of 

W\Mt in the •iim nfthe iiiimbera of the old salts, and what the sum of the niimbera 
of the two ucw MltM7 Wliat is the equivalent number for carbon? What in the 
Njuivalrnt iiutiitMrr for oxygen 1 Carbonic acid in composed of one equivalent of car- 
bon, awl two equivaleutu of oxygen, now what is the number for carbonic acid 1 
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potasB 48, (that is, potassium 40 and 8 oxygen,) is represented 
by 70. The bicarbonate is composed of one proportion of pot- 
ash, 48, and two of carbonic acid, 44, and its number is, 
therefore, 92. 

206. Again, having in the memory the numbers representing 
carbonic acid, we can readily apply them to the composition of 
other compounds, with which this acid is united. Thus, the 
number for carbonate of soda is 54, and we know from its 
name, {see Nomenclature^ that it contains only one proportion 
of carbonic acid. Now, by recollecting the combining propor- 
tion of sodium, we know, in a moment, the composition of the 
carbonate of soda. The combining number for carbonic acid 
being 22, this subtracted from 54, leaves 32 hr the other 
combining proportion, and knowing that 24 is the number for 
sodium, and that soda is composed of sodium and oxygen, and 
that the combining number of oxygen is 8, we ascertain the 
composition of the salt in question, viz. : sodium 24, oxygen 
8=32 soda; carbonic acid 22=54 carbonate of soda. 

By the same law of proportions, suppose it is required to find 
the composition of sulphate of soda. The composition and num- 
ber of soda being known, we have only to remember that the 
combining proportion of sulphur is 16, and that sulphuric acid 
is composed of one proportion of sulphur and 3 of oxygen, and 
the composition of this salt and its number is ascertained. 
Soda 32, sulphur 16 ; oxygen 3 proportions, 24, 16=40 added 
to 32=72. Therefore the number for sulphate of soda is 72, 
and its composition 32 of soda and 40 of sulphuric acid. 

Thus by the application of this law to the combining num- 
bers, or the equivalents of chemical bodies, the composition of 
most compounds may be readily ascertained. 

« 

METHOD OF ASCERTAININa THE EQUIVALENT NUMBERS OF COMPOUNDS. 

207. The combining numbers of all the elementary bodies, 
as already stated, represent the smallest proportions in which 
they are severally found in union with any other body. But 
it is obvious that all these numbers must have one common 
unit from which they are calculated, otherwise there would 
exist no proportions between them. For this purpose, hydro- 
why is the number, or equivalent, of carbonate of potash seventy 1 Why it blear* 

bonate of potash represented by ninety-two 1 Why is carbonate of soda represented 
by fifty-four 1 By the same law of proportion, show why the equivalent lor siU^bate 
of loda is seventy-two 1 
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gtn^ as uniting in the lowest possible proportion, is employed. 
Thus, hydrogen unites with oxygen in one proportion, by 
weight, to form water, and the weight of hydrogen being 1, 
the weight of oxygen in water is 8, which is abo the smallest 
proportion in whicn the latter body is found in union. 

These two elements, having an extensive range of affinity, and 
therefore being found in combination with a great variety of 
other substances, are made the data, or points of comparison, 
from which all the other numbers are calculated. 

Afterward, other compounds were examined which contained 
the smallest proportions of these elements united to other sub- 
stances. Among these it was found that the gas called carbonic 
oxide, contained the smallest combining proportion of carbon, 
united with the smallest proportion of oxygen, these proportions 
being as 6 to 8. And also, that the gas called sulphureted 
hydrogen, contained the smallest proportion of hydrogen united 
to the smallest of sulphur, these proportions being 1 of hy* 
dro^n and 16 of sulphur. 

llius, the numbers for carbon and sulphur were found to be 
6 for the former and 16 for the latter, the numbers for hydro- 
gen and oxygen being 1 and 8. 

On examination of the different oxides of iron, it was found 
that the least proportion with which that metal combined with 
oxygen, was that of 28 of the former, and 8 of the latter. The 
number for iron is therefore 28, and that of this oxide of iron 
32. 

In this manner the proportional numbers of each compound 
Las been ascertained, and from these, tables of chemical equiva- 
lents have been constructed. 

208. Whole numbers. — In the above epitome of the doc- 
trine of chemical equivalents, we have adhered to the practice 
of giving whole numbers to the combining proportions, as being 
sufficiently near tiie truth for all common purposes, and by far 
lesii perplexing to the student than to add the decimal parts in- 
dicAting the exact compositions. 

209. In this edition the tables contain the fractional portions 
of the elements, but in some instances they are employed in 
round numbers, as being more within reach of the memory. 
Tlie tibles contain all the new metals, but it will be seen 

Whaf are the unitu, or <iata. from which the combining numben, or eqniTalentt, 
tre e^lctikdeii 1 lliivinjc the nunibeni fur hyiirof «n and oxjgtn u data, how are tha 
mimb^ni fnr olhrr bo<lica found ? What are the «-nuiTaleut numbera for carbon and 
iaiphur 1 Eipla'n how tin- number for iron wan round 

11 
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that some are without equivalents, these having not yet been 
ascertained. The table is from Graham's last edition, Lon- 
don, 1853. 

TABLE OF ELEMENTS, WITH THEIR EQUIVALENTS, 
HTPROaEM BEING 1. 



Names (^elements* 

1. Aluminum, 

2. Antimony, (Stilbi 

3. Aridium, . 

4. Arsenio, . 

5. Barium, . 

6. Bismuth, . 

7. Bopon, . . 

8. Bromine, . 

9. Cadmium, 

10. Calcium, . 

11. Carbon, 

12. Ceritmiy . 

13. Chlorine, . 

14. Chromium, 

15. Cobalt, . . 

16. Copper, (Cuprum 

17. Didymium, 

18. Donarium, 

19. Erbium, . 
^0. Fluorine, . 

21. Glucinum, 

22. Gold, (Aurum,) 

23. Hydrogen, 

24. Bmerium, . 

25. Iodine, . . 

26. Iridium, . 

27. Iron, (Ferrum,) 

28. Lanthanium, 

29. Lead, (Plumbum,) 

30. Lithium, . 

31. Magnesium, 

32. Manganese, 



Atomic numben. 

. . 13.69 
129.03 



um,) . 



.) 



75 

68.64 
70.95 
1090 
78.26 
55.74 
20 
6 
46 

35.50 
28.15 
29.52 
31.66 



18.70 
26.50 
98.34 
1 

126.36 
98.68 
28 
48 

103 56 

6.43 

12.67 

27.67 



Names of elemeots. 



Atomic nnabeia. 



33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 



Mercury,(Hydrapygum,) 100.07 

Molybdenum,. . . . 47.88 

Nickel, 29.57 

Niobium^ .....' 

Norium, 

Nitrogen, 14 

Osmium, 99.56 

Oxygen, 8 

Palladium, .... 53.27 
Pelopium^ .... 

Phosphorus, .... 32 

Platinum, 98.68 

Potassium, (Kalium,) . 39 

Rhodium, . . . . . 52.11 

Selenium, 37.57 

Silicon, 21.35 

Silver, (Argentom,) . 108 

Soda, (Natron,) . . . 22.97 

Strontium, .... 43.84 

Sulphur, 16 

Tantalum, (Colnmbium,) 92.30 

Tellurium, . . . . 66.14 

Terbium, 

Thorinum, .... 59.67 

Tin, (Stannum,) . . . 58.82 

Titanium, 24.29 

Tungsten, (Wolfram,) . 94.68 

Uranium, 60 

Vanadium, .... 68.85 

Yttrium, 32.20 

Zinc, 32.50 

!Qrconium, .... 33.62 



Note. — ^The words in brackets are the Latin names of such elements 
as are indicated by corresponding symbols, as Na, for Natron, Soda. 

Explanation. — ^In a considerable number of instances, the 
combining numbers have been changed since our last edition. 
Where the old numbers have been used in the text, we have 
endeavored in this edition to change them for the new ones, 
but, perhaps, have not always done so. At any rate, the true 
pumbers are contained in the above table. 
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210. Only sixty-four known elements. — ^Every substance 
upon our globe, so far as is yet known, is composed of one or 
more of the simple bodies contained in the above catalogue. 
Some of them, as vanadium, and uraniumi^ are of very rare 
occurrence, while others, as aluminum, iron, and calcium, are 
very abundant in nature, though combined with other sub- 
stances. It will be observed that by far the greatest number 
of them comes under the denomination of metals, though sev- 
eral of these, as potassium, calcium, and sodium, can not be ob- 
tained in a separate state, without the most refined and powerful 
chemical aid. Among them all, the most common and abun- 
dant in nature are oxygen, hydrogen, carbon, and nitrogen, as 
it will be remembered, that of these elements are composed, 
water, air, vegetable, and animal substances. 

211. Classification of the metals. — ^The metals have 
been the subjects of various classifications by different writers. 
When we come to treat of them separately, we shall give a 
more practical division. In the following table they are ar- 
ranged according to their afi&nity for oxygen : 



I. 

PotaMium, 

Sodium, 

lithimn, 

Calciam, 

Barium, 

Strcmtiom, 

Magneuom. 

II. 

Manganese, 

Iron, 

Zino, 

Tin, 

Cadmiom, 

Cobalt, 

Nickel. 



III. 



Cop 



Uopper, 



Antimony, 

BicRnath, 

Uranium, 

Titanium, 

Cerium, 

Tellurium. 

iv. 

Arsenic, 

Molybdenum, 

Chromium, 

Vanadium, 

Tungsten, 

Columbium. 

V. 

Mercury, 

Silver, 

Gold, 

Platinum, 

P&lladium, 



Rhodium, 

Osmium, 

Iridium. 

VI. 

Glucinum, 

Zirconium, 

Yttrium, 

Thorinum, 

Aluminum, 

Silicium. 

VII. 

Erbium, 

Terbium, 

Didymium, 

Niobium, 

Ruthenium, 

Pelopium, 

Donarium. 



Nora. — ^The last group, vii., are chiefly new metals, the places of which, 
in the above arrangement, are unknown ; we have, therefore, thrown them 
tiigi*thi*r, and Hhall hereafter give such an account of each as the most 
ftocDt publications contain. 

What are the names of the new metals t 
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WOLIiASTON^S SCALE OF CnEMICAL SaUIVALENTB. 

212. Dr. Ure says, that this scale of chemical equivalents has 
contributed more to facilitate the general study and practice of 
chemistry than any other invention of man. It consists of a 
piece of mahogany board two or three inches wide, and of a 
length proportionate to the extent of the scale it contains, or of 
the size of the type in which it is printed. Running through 
the middle of the board there is a sliding rule containing ^e 
proportionate n umbel's of all the most common chemical com- 
pounds, and on each side of the rule are printed the names of 
the compounds corresponding with these numbers. The divi- 
sions of this scale are laid out logometrically, after the manner 
of the common Gunter's scale, and consequently the ratios be- 
tween the numbers are found by the juxtaposition of the 
several lines on the sliding and fixed parts with the greatest 
accuracy. 

The arrangement of this instrument is such, that the weight 
of any ingredient in a compound, or its definite proportion, and 
also the equivalents of the acids and alkalies, may be at once 
seen by merely moving the sliding part. 

213. On this scale, instead of taking hydrogen for unity, Dr. 
WoUaston has taken oxygen, which he calls 10; but if we 
slide down the middle rule so that 10 on it stands opposite to 
10 hydrogen on the left hand, then every thing on the scale 
will be in accordance with Sir H. Davy's system of proportions, 
taking hydrogen for unity, and also in accordance with the 
theory of definite gaseous combination by volume. 

The principle on which this instrument works may be learned 
in a few minutes ; and after a little practice, it becomes one of 
the most efficient and beautiful of labor-sanng machines, to 
both the practical and theoretical chemist. 

Nothing but actual practice with the instrument will convey 
to the mind of the learner a knowledge of its practical useful- 
ness ; we will however give an example, by which the principle 
of its construction may perhaps be comprehended. 

214. We have already stated, that on this scale oxygen is 
the unit from which all the other proportions are calculated, and 
that this element is marked 10. When, therefore, 10 on the 
sliding rule is against this number, the weights of the other 

• ■ ~ ■ 

Describe the construction of WoUaston'i scale ofcliemioal eqtilTalents ^ What 
principle does Dr. Wolla^on call unity, and what is its number on the JMrale of chem- 
ical equivalents 1 On what evidence is the truth of the doctrine of definite propo^ 
tk)ns founded 7 
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bodies are in due proportion to this nunaber. Thus, carbonic 
acid beinff 27.54, and limo 35.46, carbonate of lime being the 
sum of these numbers, is placed at 62. Then, if the slid- 
ing rule be drawn upward, so that the number 100, on it, cor- 
rv*sjK)nds with carbonate of lime, the other number will corre- 
s[K>nd Mrith carbonic acid and lime, and will show the propor- 
tions in which these ingredients unite to form 100 parts of 
carbonate of lime. Thus, the number 56 corresponds with 
lime, while 44 corresponds with carbonic acid, these two num- 
Ikts making 100. 

THKORT OF ATOMS. 

215. To BE DECIDED BY EXPERIMENT ONLY. — ^That chemical 
1km lies unite in definite proportions, by weight, and also by 
volume, and that where one body unites with another in more 
thau one proportion, the second is a multiple of the first, are 
farts resting on the evidence of experiment alone. These facts, 
in themselves so wonderful, and in their relation to science so 
iin|>ortant, excited the inquiry and speculations of many philoso- 
phic minds, as to their cause. Among these inquirers, Mr. 
Dal ton, of Manchester, seems to have been the most successful, 
having proposed a theory which accounts, with few, if any ex- 
o'ptions, for all the phenomena observed, and which, therefore, 
explains satisfactorily the reasons why bodies combine in 'such 
pr<iiK>rtions. As the basis of this theory, Mr. Dalton assumes 
that the union of bodies in their smallest proportions, always 
t;ikes place between the atoms of which they are composed ; 
that is, one atom of one body combines with one atom of the 
other body. Thus, water is formed by the combination of one 
at<;m or particle of oxygen combined with one particle or atom 
uf hydrogen. This theory supposes also that the ultimate atoms 
uf n'latter are indivisible ; that they are always of the same 
hlmpe and size in the same body, and that their weights are 
diffi.Tvnt in the different bodies. Thus, the weight of an atom 
of oxygi'U is 8 times that of an atom of hydrogen, these 
iH'ifig the proportions in which these gases form water. But 
wli«*n bodies unite in several proi)ortions, then it is 2 or 3 
atoms of one, to one atom of the other. Thus sulphurous acid 



What ifiMid of Mr. Daltor.'s llieory of atoms 1 What does Mr. Dalton osru 
iSr tfih.K of' his thi-ory ol' alums? On thin theory what is walercompofed of ? 
<liM« tins thiory MiiipoM', ill respect to t lift diviMh.lilv, hhape. and weight, of 
•'(till- of bofiir.4 1 Why IS aii aioiii of oxygen Mippottt-tl to be ei^ht limes an h^-av 
oii^ of hydrufeu 1 W117 is aii atom of kulphur supposed to be twice as heavy as 
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of oxygeu 1 
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is composed of 2 atoms of oxygen united to 1 atom of sul- 
phur, and sulphuric acid is composed of 1 atom of sulphur 
and 3 atoms of oxygen, these being the relative weights of 
their elements. But as it is found that the lowest proportion in 
which sulphur unites with any other body, it is in the propor- 
tion of 16 by weight, hydrogen being 1,^ so it is assumed 
that a particle of sulphur is sixteen times as heavy as one of 
hydrogen, and twice as heavy as one of oxygen. And as in 
sulphurous acid the weight of oxygen is found to be exactly 
double that in water, it is reasonable to suppose that sulphurous 
acid consists of 1 atom of sulphur united to 2 atoms of oxy- 
gen, and for the same reason, since sulphuric acid contains three 
times the weight of oxygen that water does, that this acid is 
composed of 1 atom of sulphur and 3 atoms of oxygen. 

216. Why bodies unite in definite proportions. — All 
this, whether true or false, explains in the most satisfactory man- 
ner, why bodies combine with each other in definite propor- 
tions, and why these proportions are expressed by the numbers 
attached to each. Thus, hydrogen is unity, or the prime equiv- 
alent, and is expressed by 1, because by weight this gas is 
found to form water by uniting with 8 parts of oxygen. 
Oxygen is expressed by 8, because its proportion in water 
weighs eight times as much as the hydrogen. The number for 
sulphur is 16, because this is the smallest proportion in which 
it unites with any substance, and the number for the oxygen in 
sulphurous acid is 16, because in this acid the sulphur and 
oxygen are of equal weights, and therefore just twice the 
weight of the oxygen in water ; and the number for the oxygen 
in sulphuric acid is 24, because its weight is three times that 
in water. 

Now, by supposing that one atom of oxygen is eight times 
as heavy as one of hydrogen, and that an atom of sulphur is 
twice as heavy as one of oxygen, or sixteen times as heavy as 
one of hydrogen, the whole mystery of the law of definite pro- 
portions is reduced to simple arithmetical calculation, for the 
proportional numbers are in fact nothing more than the rela- 
tive weights of tlie atoms of which the several bodies are 
composed. 

Why is it supposed that sulphurous acid contains one atom of sulphur united to 
two atoms of oxygen 1 That Kulphuric acid is composed of one atom of salpharand 
three atoms of oxygen 7 Why is the equivalent number of oxygen eight? Why is 
that for hulphur sixteen 1 Why is the number for oxygen in sulphuric acid twenty- 
four 1 What is said of the proportionate numbers iu relation to the weights of the 
atoms of bodies 7 
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817. Atouo THB0B7 NOT PROVED. — In respect to the truth 
or falutj of tiiis theory, it is obviously without the bounds of 
demonstratioD, for we never can ascertain whether the propor- 
tions on which it is founded are the smallest in which bodies 
combine, nor whether, if bo, they combine Atom to atom, as is 
supposed. But whether it be true or false, it does not in the 
least afiect the truth of the law of definite proportions, which, 
as aheady stnted, is founded on eiperimeDt alone, and is, there- 
fore, purely an expression of facte. The atomic theory, how- 
ever, must always be considered an elegant and probable hypo- 
tbesia ; and, while it displays uncommon ingenuity, and great 
chemical research, has the advantage of agreeing, i ' 

perfectly with the litcts obtained by analysis. 



CHBiaCAL AFFASATOa 

218. BaroRE proceeding to treat of ponder- 
ahU bodie», and the descripUon of puticular 
agents, it b proposed to describe some of the 
roost common and necessary utensils, used in 
the manipulittione of chemistry. 

219. A CRUCiQLB, Pig. 47, is a deep conical 
cup, of a triangular shape at the top, and round 
at the bottom. Crucibles are made of this shape 
fur the convenience of pouring out their Quid 
contents at either angle. They are made of clay 
and aand baked hard, and will withstand very 
high degrees of heat without melting, but are 
liable to crack when suddenly cooled. They are 
■'hiKlly manufactured at Ues^ in Germany, and 
hence arc called Hetxian crucibles. 

220. A MELTi.No POT, Fig. 48. Those pots 
are made of various sizes and materials. Those 
UAcd in large glass-houncs are made of clay, and 
are of a liirge siEc. Chemists employ those 
m:\de of stiver or plaCina, as well as of black 
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lead, but of small dimensions. Metallic crucibles 
are used for particular purposes, when the sub- 
stance to be experimented on would destroy the 
common crucible, in consequence of its corrosive 
quality. 

221. A MATRASS, Fig. 49, is a glass vessel, in 
the shape of an egg, with a long neck. It is 
employed in effecting the solution of such sub- 
stances as require heat, and long-continued di- 
gestion, for that purpose. When used, they are 
commonly placed in a sand bath, that is, in sand 
moderately heated. 

no. 60. 



FIO. 49. 





Retort and Beeeiver. 

222. A RETORT AND RECEIVER, Fig. 50. Rctorts, 6, are egg. 
shaped vessels, with the neck turned on one iside. These ves- 
sels are of various capacities, from a gill to a barrel, or more. 
They are made of glass, metal, or earthen-ware, but most com- 
monly of glass. No vessel is so much used in experimental 
chemistry as the retort. In the process of distillation, in col- 
lecting the gases, in concentrating the acids, and in a great 
variety of other operations, this vessel is universally employed. 

The receiver, a, is a necessary appendage to the retort, and 
is destined to receive whatever comes over from it, during the 
process of distillation. For common purposes, these vessels are 
made of glass, but in the manufacture of various articles they 
are made of clay or metal. 

223. A TUBULATED RETORT, Fig. 51. It differs from the 
pliun retort, figured above, in having a tuhulure, or opening, as 
seen in the figure, to which is fitted a glass ground stopper. 
This opening saves the trouble of detaching the retort from the 

or what arc crucibles made? flow do meltinfr pofs differ from crucibles? Of 
what sabstaures are meltinfr pots made 1 Of what are matrasses made 1 For what 
purpose are these vessels used ? What is a retort ? How larjre are retorts ? Of 
what are retorts made ? What arc the uses of rf^torts ? What is a recHTer, and 
what is its use 1 Of what are receiTeni made ? Uow does a tubulated, differ from 
a plain retort 1 



rec«T«r Trhea any wldi- 
tiona are to be m*A% to 
ita coDtenbk, after the/ are 
connected, as ia Fig. 60. 
It is abo necesaaiy for the 
introduction of a safety 
tube, a part of this appa- 
rMoa absolatelf necessaiy 
in some processes, and 
which will be described in 
another plata. 

324. Au ALEMBio, Fig. 52, is used 
for tbe distillatdoQ or miblimation of 
solid, volatile substaocm. It consists 
of two parts, the head, a, which is 
ground on, so as to be perfectly tjght, 
and tho hodj, b, which is set into a 
sand bath, when in use. The product 
of sublimation rises into the head, 
\There it is condensed, and then runs 
down the spont into a receiver. 

226. Etaporatino dish, Fig. 53. 
Every chemical apparatus must have 
among its utensils shallow dishes for evap- 
orating fluids. The best are made of 
Wedgewood's ware, and oome packed in 
iiesta containing several sizes each. The 
heat is applied by means of heated sand or 
ashes,' and these vessels are used to evapo- 
rate solutions of salts, in order to obtain 
crystals, and for various other purposes. 

226. A Florshcb vlabs. Fig. 54, fur- 
nished with a tube, to be used instead of a 
retort Students will save considerable ei- 
[)ense by employing these flasks in the 
room of relortH. The cork is pierced with 
a burning iron, and through the aperture is 
paHsed a tube of glass or lead, beut as in 
the figure. In obtaining oxygen, by means 
of oxide of manganese and sulphuric acid, 
and fijr many other purjioses, this arrange- 
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The Common BUw-pipe. 



ment will serve instead of the best retort, while^ if brc^en, the 
expense is only a few cents. 

227. The common blow- fio. 56. 
PIPE, Fig. 55, is a little in- 
strument by means of which 
the most violent heat of a 
furnace may be produced. It 
is a pipe of brass, about the 
third of an inch in diameter 

at the largest end, and thence tapering, gradually, to a point, 
and bent, as in the figure. 

To use it, place the curved end in the flame of a lamp, or 
candle, and apply the lips to the other end, then blow gently 
and steadily,' giving the jet of flame a horizontal direction. To 
keep up a constant stream of air for a length of time, the in- 
spiration must be made by the nostrils, while the cheeks are 
used as bellows. The art of doing this is soon learned by prac- 
tice. The small fragments of ore, or other substance, on which 
the flame is thrown, must be laid on a piece of charcoal, which 
is held by small forceps. When a very intense 
heat is required, and the fragment is so light as 
to be blown away by the air, it may be confined 
by making a small cavity in the charcoal support, 
into which the substance is put, and another 
piece of charcoal is placed partly over this. 

228. Gahn's blow-pipe, Fig. 66, is a much 
more convenient form than the common on^ 
above described. In the common form, the flame 
is sometimes nearly extinguished, and the process 
stopped, by the condensed moisture from the 
breath. In Gahn's instrument this is prevented 
by the chamber a, which retains the condensed 
moisture, and which may be taken off" from the 
main pipe for its removal. The tip of the small 
pipe through which the air passes to the flame, 
fits to a socket, so that those of diflerent sized 
orifices can be used. 

229. Dropping tube, Fig. 57, is a small glass 
tube, blown into a ball in the middle, and ending 



FIG. £6. 



Gahn'9 
BUno-pipe, 



For what purposes are evaporating dishes employed 1 What does Fig. 54 repre> 
sent 1 What are the advantages of using Florence flasks instead of retorts 7 What 
is the common blow-pipe 1 Wbat is the Uf^e of Ihi8 instrument 1 Describe the mode 
of using it. How does Gahn's blow-pipe differ from the common one ? Wliat are 
the peculiar advantages of this blow-pipr 1 
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Dropping Tube. 



FIG. 58. 



with a fine orifice at the lower end. It ^®- ^• 

is filled by dipping the small end into 

the fluid, and exhausting the air by 

sucking at the upper end with the 

mouth. The thumb is then placed on 

the upper end, which keeps the liquid 

from running out On raising the thumb, the contents will 

descend in drops, but is instantly restrained on replacing it. 

This little instrument is highly useful for various purposes, 
and particularly when it is required to introduce one fluid under 
another, as water under alcohol, or sulphuric acid under water. 

230. Ammonia appahatus. — ^Fig. 68 is designed to collect 
and retain, for the purpose of temporary examination, such 
gases as are lighter tnan the atmosphere, and at 
the same time are absorbable by water. These 
gases, for more thorough examination, require the 
aid of a mercurial bath, but most of their proper- 
ties may be examined by the apparatus repre- 
sented by the figure. 

The flask, a, is to contain the materials for ex- 
tricating the gas, and into the mouth of this 
there is inserted a tube a foot or more long. 
The tall bell glass, 6, or a large tube closed at 
the upper end, is inverted over this tube, as seen 
in the figure. 

As an example of the use of this apparatus, 
hup|)use we desire to make some experiments on 
ammoniay a gas which is rapidly absorbed by 
water and specifically lighter than atmospheric 
air. The materials for separating this gas are 
rnnrtate of ammonia y called also sal ammoniac, 
and slaked quicklime. Tlicse being separately reduced to 
IH>wder, equal parts are then mixed, and introduced into the 
fliisk /I, and the tube put into its place. On application of a 
♦r.Mitle heat, the gas will be sot free in consequence of the com- 
bination which takes place between the lime and the muriatic 
arid of the muriate of ammonia. The ammonia is thus set at 
lilxjrty, and being lighter than the air, ascends and gradually 

iitvcr'xbt thr coiifit ruction or Gabn's blow-pipe. What Is the shape of the dropping 
tub^ T What ia the um nf tiiiH inatnimrut 1 l)«*acrlbe the nianiirr oruslnff the drop* 
|iiiiff lube. For what |iur|KiHrH ii« thr dropping tube tiveful 1 What im the una of the 
jippiratiia rrprnM-iitfiJ in Ftic- •» ? Dewnbe Fiir. M. and explain an example of its 
iiM lluw may atnnMini-i \w obfuined mid examined by means of this apparatus 1 
What IS repreMuliNl by Fi;;. .'lO f Why ran not the ff:iH be poured from ou« vessel to 
aoocber,sn<l bs retained iii an open vcmwI like water? 



fli 



Ammonia 
Apparatus. 
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Qaa AppanUuM, 



displaces the air from the vessel b, and takes its place. This 
experiment affords an instance of the chemical action of two 
BOiids on each other. 

231. Gas apparatus. — Fig. 59 is designed as a simple 
illustration of a ^cut apparatus. The method of making experi- 
ments with the permanently elastic fluids, such as common air, 
and the gases, and of 
transferring them from "®- ^ 

one vessel to another, 
though sufficiently sim- 
ple, requires some direc- 
tions for the new begin- 
ner. The gases are none 
of them sufficiently dense 
to be retained in vessels 
open to the air for any 
considerable time; and 
some of them being 

lighter than the atmosphere, instantly ascend, and are lost, 
when the vessels containing them are opened. All the gases, 
therefore, when open to the air, mix with it more or less rapidly, 
according to their densities, and thus escape us entirely, being 
diffused in the atmosphere. Hence, to retain a gas in a state 
of purity, it must be kept from contact with the atmosphere, 
and hence, also, the necessity of first filling the vessel with a 
fluid instead of air, before the gas is introduced, and of trans- 
ferring it under a fluid from one vessel to another. 

The figure represents a wooden vessel, or tub, a, with a shelf, 
kj fixed a few inches from the brim. When the apparatus 
is to be used, the tub is to be filled with water, so as to 
rise a few inches above the shelf. Now, when a glass jar, or 
any other vessel, open only at one end, is filled with water, by 
being plunged into the fluid, it will retain its contents when 
raised above the fluid, provided its mouth bo kept under it ; 
for the water is sustained in the vessel by the pressure of the 
atmosphere, on the same principle that the mercury is sustained 
in the barometer tube. {See Barometer in Natural Philoso- 
phy.) The vessels 6, ^,/, represent jars filled with water, and 
inverted on the shelf, their necks p*assing through an aperture 

Explain the reason why a vessel filled with water may be raised above the flatfl« 

Rrovided its motitli be kept under it. When a tumbler is forced into the water with 
■ mouth downward, why does not the fluid rise in iti When air is introdoeecl 
under a vessel, inverted and filled with water, why docs it rise to the highest [«art of 
the vessel ? 
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FIG. ea 



in it, so as to presenre their upright positions. The vessels e^ Cy 
and i, are retorts, with their necks inserted into the mouths of 
the inverted jars. 

232. Now, when commcm air, or any gas, is introduced into 
the mouth of a vessel so inverted, the air will rise to the upper 
part of the vessel, and will displace the water, and occupy its 
place. If a tumbler, or cup, in the state which we usually call 
empty, but which is really fiill of air, be plunged into water 
with its mouth downward, very little water will enter it, because 
the admission oi tilie fluid is opposed by the included air ; but 
if the mouth of the vessel be turned upward, it immediately fills 
with water, while the air is displaced, and rises to the surface of 
the fluid in one (»r more bubbles. Suppose this is done under 
the mouth of a jar filled with water, the air will ascend as 
before, but instead of escaping, it will be detained in the upper 
part of the jar. In this manner, therefore, air may be trans- 
ferred from one vessel into another, by an inverted pouring, and 
the first portions, instead of occupying the bottom of the vessels, 
like water, ascend to the top, the 
air, instead of running from a 
higher to a lower vessel, rising 
from the lower to the higher one. 
This is owing to the pressure of 
the water on the air, or to the 
lightness of air when compared 
with water. For the same reason, 
lead being lighter than quicksilver, 
if a bullet of the former be sunk 
ill a vessel of the latter, it will rise 
lo the surface^ On this principle 
Imlloons ascend ; the hydrogen 
with which they are charged being 
thirteen times lighter than the 
atmosphere, the n>rmer is forced 
upward by the pressure of the 
latt«*r. 

233. A LAMP FURNACE. Fig. 

60 is one of the most indispensable 
articles in a chemical apparatus. 
It consists of a rod of bra«<s, or 
iron, alKiUt half an inch in diame- 




Zdunp Fumaee. 



Row does lh«riM of a Ulloon illiistnite this princJptal DrtcrJb* the lamp fur- 
i«, fif . 60. What are the tikee of the ring* on the ends of the arms i 

12 
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t«r, and tliree or four feet long, actewed to a foot of the uma 
ntetal, or to a heavy piece of wood. On this rod, slide thres 
or four metallic sockets, ioto which are screwed straight annt 
terminated with brass or iron ringa^rf different diameters. The 
Serena cut on the ends of the arms where they enter the sodeb 
are all of the same size, so that the rings may be changed 
from one socket to another, as convenience requires. These 
rings are for the support of retorts, recovers, ev^Kiraling difdica, 
Ac, as represented in the figure, and may be moved np, or 
down, or turned aside, and then fixed in their places, by ifieans 
of thumb screws passing through the sockets and acting on the 
rod. The lamp by which the heat is gives for distillation, or 
other purposes is also £xed with a thumb screw, ao that the 
heat can be regulated by moving it up or down, ^^ ^ 

234. A BBLL SLABS, Fig. 61, is employed ir 
making esperimeats on air, or the gases. It i 
a glass vessel, of the shape represented in the 
figure, and of various sizes, from the capadty 
of a pint to that of several gallons. The knob | 
at the upper part, is the handle by which it is I 
moved. It is used for the temporary confine- 
ment of olasljc fluids, on whidi experiments i 
are to be made. Lar^ tumblers are good I 
substitutes for bell glasses. 
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SPECIFIC ORiVnT. 

235. Tub specific gravity of a body is its relative woght 
when compared with the same bulk of another body. For solids 
and liquios, water is the substance to which the weights of 
other bodies are compared ; and for elastic fluids, the atmoBphere 
is the standard of comparison. 

When a body weighs twice as much as the same bulk of 
water, it is said to have the specific gravity of 2 ; and if it 
weighs three, four, or five times aa much as the same hulk of 
water, it has the specific gravity of 3, 4, or 6. Wat«T, there- 
fore, is the unit, or standard of comparison, and has in thn 
respect the specific gravity of 1. 
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When a body k weighed in water, its weight will be dimin- 
ished by exactly the weight of a quantity of water equal to its 
own bulk, and thus the <£fference between its weight in air and 
in water being known, its specific gravity is readily found. 

Taking the specific gravities of bodies is a work of consider- 
able delicacy, and requires some practice before it can be done 
in a manner to be depended upon. The experimenter should 
always have his pencQ and paper in hand, in order to set down 
the relative weights as they are taken. 

236. Scales for spb- 

ciFic GRAvmr. — In this ^^®- ^^ 

edition we have added 
scales for the purpose of 
taking the specific densi- 
ties of solids, being in 
some respects, a more 
simple method than by 
the balance, and besides 
requiring no other instru- 
ment than is in general 
use for other purposes. 

How TO TAKE THB 

DBvairr. — First weigh 
the body in the usual 
manner, and note down 

the number of grains ; then with a fine thread, suspend it froin 
the bottom of Sie scale-dish, as shown by Fig. 62, in the vessel 
of water, a. As it will weigh less in water, add weights until 
the scale beam becomes horizontal ; then note down the num- 
ber of grains so added, and they will show the difi*erence 
between the weight of the body in air and in water. 

KuLE. — Divide the weight in air, by the loss in water, and 
the quotient will be the specific density. 

Illustrations and examples will be seen under the next article, 
whore it will be observed that, although the means employed 
iire quite ditforeut, the results are exactly the same. 

237. rouTABLB BALANCE. — Another mode of taking the 
{i|iecific gravity of a solid, is by means of Nicholson^ s Portable 

What l« the ipeclfle fravttj nf a body 7 With what iiibetancefl are nolids and 
liqui'la rompareil to And Ihrir uprciflc mravitiea 1 What is the standard or comnari- 
fe>iii fur *-laMic fhiidi<7 Siippo»ie a budv weif^hii twice as much aa the name bulk of 
«4ii-r. what it ilM specific ^rnvity 1 VVIiut dora Pig. G.') reprPNoutI Drscribr this 
hiiaiier. What prrparaiion in nerewiirv before the balance ih uM:d 1 What are the 
haUfic** wcif hta f kUt-r the balance weight la known, liow will yon procted to find 
l.V »iKCific gravity of a body 1 

8 
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BalancBy represented by 'Fig. 68. The body is a 
bollow cylinder of tinned iron, terminated at each 
end by a cone. From the vertex of the upper cone 
rises the small stem, a, of copper or brass, bearing 
a small tin cup. This cup slips on, and may be 
removed when the instrument is not in use. From 
the point of the lower cone is suspended the tin 
cup, e, at the bottom of which is attached a cone of 
lead so heavy as to sink the whole instrument in 
water nearly to the base of the upper cone. Before 
this balance is used, it is placed in a vessel of water, 
and the upper cup loaded with weights until it 
sinks so far that a mark on the stem at a, coincides 
exactly with the surface of the water. The weights, 
so added, are called the balance weights, and their 
amount may be marked on the cup as a given 
quantity for future use ; suppose this is 900 grains. 

238. The specific gravity of a solid may then be 
taken as follows : First place it in the upper cup, 
and add weights until the mark on the stem coincides with the 
water ; suppose this to be 400 grains ; subtract this from the 
balance weight, and we have 500 . grains for its weight in air. 
Then remove the subject of experiment to the lower cup, and 
the stem will rise above the mark, because it weighs less in 
water than in air ; weights must, therefore, be placed in the 
upper cup until the mark again coincides with the sur&ce of 
the water ; suppose this to be 100 grains, which will be exactly 
the weight of the water displaced by the mineral, or other 
solid. The specific gravity is now found by a wery simple rule, 
already given. 

In Uie present instance, we have 500 grains for the weight 
in air, and 100 for the loss in water; therefore, 100 : : 500=5, 
the specific gravity. 



Portable 
BaUmo%. 



TABLB OF BPEOIFIC WEIGHTS OF VARIOUS SOLIDS. 
(PROM UULLBE'S PHTSIOS.) 



Platinum, coined. 


. 22.100 


Gold, coined, . . . 


19.825 


" rolled, . 


. 22.069 


" fused, . . . 


19,258 


" fused, . 


. 20.869 


Copper, malleable, . 


8.878 


" wire, . 


. 19.267 


'* fused, . . 


7.788 



After finding the weight of a body in air, and its weight in water, what is ths itilt 
for finding iu specific gravity? What are the meet simple means of fiadiM Um 
specific gravity of a liquid 7 
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Copper, wire, . . 


8.780 


Iodine, .... 


. . 4.948 


Cftdniium, . . . . 


8.694 


Sulphate barytes, 


. 4.426 


Molybdenum, . . . 


8.611 


Selenium, . . . 


. 4.320 


Srass, . • . • . 


. 8.395 


Flint glass, French, . 3.200 


Areenic, . . . . 


. 8.308 


«* " English, . 3.373 


Nickel, .... 


. 8.279 


Marble, .... 


, . 2.837 


Uranium, . . . 


. 8.100 


Emerald, . • , 


, . 2.775 


Steel, . . . . . 


7.816 


Rock Crystal, . . 


. 2.683 


Cobalt, . . . . . 


. 7.812 


Porcelain, . . , 


. . 2.493 


Iron, wrought, . . 


7.788 


. a • 


. 2.145 


" cast, . . . . 


7.208 


Sulphur, native, . 


. 2.033 


Tin, 


. 7.291 


Ivory, . . . 


. .• 1.917 


Antimony, . . . 


6.712 


Alabaster, . . 


. . 1.847 


Tellurium, . . . . 


6.115 


Anthracite, . . 


. 1.800 


Chromium, . . . 


6.900 


Phosphorus, . 


. . 1.770 
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239. SpKcrpio ORAvrry of liquids. — ^The most simple 
method of taking the specific gravity of liquids, is by means of 
a graduated botUe holding 1000 grains of water, which is taken 
as the unit, or standard, ior other liquids. 

Take a small bottle with a long narrow 
neck, as represented by Fig. 64, and having 
weighed it accurately, introduce into it 
exactly 1000 grains of pure water, and mark 
the level of the water with a file on the 
neck of the bottle. The bottle thus pre- 
pared will serve to ascertain the specific 
gravity of any fluid, for since water is the 
standard by which the comparative weights 
of all other fluids are known, the same bulk 
of any other fluid, weighed at the same tem- 
perature, will be its specific gravity. 

Thus, suppose that when the bottle is 
filled with sulphuric acid up to the mark at 
which the water weighed 1000 grains, it 
should be found to weigh 1800 grains ; 
then the specific gravity of the acid would be 1800, water 
being 1000. If filled to the same mark with alcohol, it might 
weigh 800 grains. ITie specific gravity of alcohol would there- 
fore be 800, water being 1000. But as it is understood that 

How do«s a bottle, filled with 1000 ffralnn of water, become the Kandard for other 
liquids 1 Bupoom a itivcu bulk of water weight lOCO ffralns, and the nme balk of 
ftoocbcr flalu l<800ffralitf, what would be the epeelfle gruwiij of the latter 1 

12* 
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wai^ is the standard of comparison, the speciiSc gravities of 
bodies are expressed merely by Uie numbers signifying their 
relation to this standard. Thus, the specific gravity of lead is 
1 1, that is, it is 1 1 times as heavy as water, bulk for bulk ; 
while the specific gravity of ether is 750, that is, a given bulk 
of ether will weigh 7^0 grains, ounces, or pounds, while the 
same bulk of water weighs 1000 grains, ounces, or pounds. 
{See Specific Ghravity in Natural Philosophy.) 

DENSmr OF SOME LIQUIDS AT 32 DEGREES FAHEENHKIT. 



Distilled water, -. 


. 1.000 


Sulphuric acid, . , 


1.848 


Mercury, . , . 


. 13.698 


" diluted, . . 


. 1.215 


Milk, .... 


. 1.030 


Sea water, . . . , 


1.026 


Oil, linseed, . . 


. 0.963 


. a • 1 


1.060 


" poppy» • • 


. 0.929 


Alcohol, absolute, 


0.793 


" olive, . . . 


. 0.915 


Sulphuret of carbon, 


1.272 


" turpentine, . 


. 0.872 


Sulphuric ether, . , 


0.716 



240. Spboipio gravity op oases. — ^To determine accurately 
the specific gravity of the gases, is an operation of great deh- 
cacy, and requires not only very nice apparatus, but much 
experience. The method by which it is done is, however, 
easily explained, and will be readily understood. 

We have already said that atmospheric air is the standard 
of comparison for the gases. In the first place, therefore, it is 
necessary to ascertain the weight of a given volume of air. 
This is done by weighing, very accurately, a light glass vessel 
furnished with a good stop-cock, when full of air, or in its ordi- 
nary state. Then, having withdrawn the air by means of an 
air-pump, and closed the stop-cock, the vessel is again weighed, 
and the difference will show the weight of air which the vessel 
contained. On making this experiment, it is found that 100 
cubic inches of air weigh 30.5 grains, and by the same method, 
the weight of a given portion of any elastic fluid may be ascer- 
tained. In all these experiments, it is understood that the 
thermometer stands at 60 degrees, and the barometer at 80 
degrees. 

Suppose, then, that the glass globe, a, Fig. 66, is of sufficient 
capacity to contain 100 cubic inches of air weighing 30.5 grains, 
and it is found, on filling it with oxygen, that the same quan- 



How is the specific gravity of a gas ascertained 1 What is the weight of 100 eabie 
iocbesofcommonair? Suppose It is found that 100 cubic inches of oxygen gas 
weighs 34 grains, how is Its specific gravity found 1 
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tity of ibis gas weighs 34 grains. Then to find 
the specific gravity of tlie latter gas we say, **<w 
the weight of the air is to that ^ the oxygen^ so 
is unity, or the specific gravity of the atmosphere 
to the specific gravity of oxygen^ Thus, 
30.5 : 34 :: 1 = 1.1147, gives 1.1147 for the 
specific gravity of oxygen gas. 

But since it is inconvenient in practice to ex- 
periment on just 100 cubic inches of gas, the 
graduated vessel, 6, has been invented, to show 
at once what quantity of gas in cubic inches is 
weighed in the globe, a. 

The globe being first exhausted of air, and its 
stop-cock closed, is then connected with the re- 
ceiver, 6, containing the gas, and both cocks 
being opened, the gas passes from the receiver 
to the globe. The receiver being open at the 
bottom, and set over water, or mercury, the rise 
of the fluid will show the quantity of gas which 
passes into the globe, and on weighing the globe, 
both before and after connecting it with the re- 
ceiver, the difference will show the weight of the 
air thus transferred. 



FIG. 66. 




Oraduated Jar, 



DENSITY OF SOME OF THE OASES. 



Atmospheric air. 
Carbonic acid, . 
Carbonic oxide. 
Hydrogen, . . 
Nitrogen, . . 
Sulphurous gas. 



1.000 
1.627 
0.972 
0.069 
0.972 
2.222 



Chlorine, .... 2.500 

Ammonia, .... 0.590 

Cyanogen, .... 1.805 

Nitrous oxide, . . . 1.527 

Oxygen, 1.111 

Sulphureted hydrogen, 1.180 



Note. — ^It will be observed in the above table, that instead of making 
the weight of 100 cubic inches of atmospheric air the standard of compari- 
son, air is taken at 1,000, (in the same manner as water is for solids,) and 
with this as a unit, the other elastic fluids "are compared. This is, no 
doubt, for common purposes, the easiest and best way. 



Explain Fig. 65, and show the design of each vessel, and the manner of using 
them. 
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CHAPTER XII. 

NOMMCLATUKR 

241. The nomenclature of Chemistry, now univergally em- 
ployed, was invented by the French chemists about 1784. 
Before that period, the names of chemical substances were en- 
tirely arbitrary, that is, each substance had an independent 
name, the signification of which had nothing to do with its 
composition, or often gave an erroneous idea concerning it 
Thus, solution of muriate of lime was called liquid shell, and 
aft;erward oil of lime, . Liquid ammonia was called bane spirit, 
and sulphuric acid was called oil of vitriol. It is true, at that 
time, the substances known to chemists were few in number, 
when compared with the immense list of the present day. But 
even then, their number was such as to make it difficult for the 
memory to retain them, and at the same time to remember their 
origin or composition, when this was known. At present, were 
the substances mentioned in any chemical book, merely desig- 
nated by arbitrary names, or names inexpressive of their com- 
position, the student would necessarily spend more time in 
learning and remembering them, than is now required to obtain 
a knowledge of the whole science of Chemistry. The general 
diffusion of chemical knowledge, therefore, is in a great measure 
owing to the present nomenclature — ^its perfect simplicity, its 
copiousness of meaning, and the ease with which it is learned 
and retained. 

242. Each term designates the composition. — Each term 
in this nomenclature designates the composition of the com- 
^und substance to which it is applied ; and as the simple sub- 
stances are comparatively few, the composition of most chemical 
substances are known only by these names. 

243. Names of the acids derived from their bases. — 
The names of the acids are derived from those of their bases, 
that is, from the names of the substances to which oxygen 
unites in such proportions as to form acids. Thus, sulphur is 

When was chemical nomenclature invented, and by whom 7 Before this iiiTen* 
tjon, how were chemical subf^ances designated ? What is said concerning Improoer 
names before this invention ? At present, were the substances known to chemists 
designated only by arbitrary names, what would be the consequence to the learner 1 
What efTect has this nomenclature had on the diflTusion of chemical knowledge 1 By 
this nomenclature what do the names of the substances designate ) nrom wh«t ars 
tha names of the acids derived 1 
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the base of sulphuric add, and carbon is the base of carbonic 
acid. Some of these bases unite with several proportions of 
oxygen, and form acids of diflferent degrees of strength. These 
proportions are designated by the different terminations of the 
name of the acid, the smaller proportion being signified by ous, 
and the larger by ic. Thus, sulphuror^^ and sulphuric, and 
nitrous and nitric acids, mean that these acids contain single 
and double proportions of oxygen. The aalis, that is, the com- 
pounds which the acids form with alkalies, earths, and metallic 
oxides, also indicate by their names the substances they con- 
tain. Thus, the salts ending in ite, consist of a base, united to 
an acid, ending in ous ; and a salt, ending in ate, contains an 
acid ending in ic. Sulphide and phosphite of potash are formed 
of potash and sulphuro2«« and phosphoroz^ acids, while sulphate 
and phosphate or potash denote compounds of sulphuric and 
phosphoric acids, united to the same base. The names of all 
the salts, of which there are nearly 2,000, denote their compo- 
sition in the same manner, and thus we know the ingredients 
of their compositions by merely seeing thoir names. The ter- 
mination uret, denotes the union of simple non-metallic bodies 
with a metal, a metallic oxide, or with each other. Thus, 
sulphured and carbt£r«^, or sulphide and carbide of iron, indicate 
a combination between sulphur, or carbon, with iron. As oxy- 
gen combines with several of the metals, in different proportions, 
but not alwap sufficient in quantity to form acids, the com- 
pounds so formed, though derived from the same metal, differ 
from each other. These compounds are called oxides, and are 
distinguished fix)m each other by the Greek derivatives, prot, 
deut, trii, and per. Protoxide signifies the first degree of 
oxidation ; cteufoxide, the second ; ^ritoxide, the third ; and 
js^oxide, the highest. If it is a compound of one atom of acid 
and one of alkali, the generic name is employed, as carbonate 
of potash. But if two or more atoms of the acid be combined 
with the same base, a numeral is prefixed to indicate its compo- 
sition in this respect. Thus, when the acid is in two propor- 
tii>iis, or there are two atoms of acid to one of potasli, it is 

.What it the bue of sulphuric acid 7 What it the base of carbonic acid 1 Br 
what irrminalinii in the word i« a weak acid denifnated 1 Bj what termination is 
i\\r Mronff acid indicate<l ? What are the compounds called which the acids fr**" 
wiih diflrrent haseft I If an acid ends in out, what is the termination of the - 
wh*eh if composes a pari ] If the acid entis in I'c, how does the sair end 1 F' 
jrou kfmw the rompoHiiion of a salt by merely hearing its name? What < 
Irrniiiiaiion uret diMiute 1 What is the compoFition of a carburc/ of sulphur 
arroKidesI By what terms are the different oxides denoted 1 WbatliA^r 
What !■ a /filoxids 1 What is • jMrozlds t 
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called ft*-carbonate of potash. The three salts of oxalic acid 
and potash are called the oxalate^ 5moxalate, and ^t^oefroxalate 
of potash ; the first consisting of one atom of each, the second 
of two atoms of acid to one of potash, and the third of four 
atoms of acid to one of potash. 

244. When oxygen unites in more than two proportions with 
any base, the prefix hypo is used to denote a less degree of oxy- 
genation than is indicated by ous. Thus, A^r^TosuIphurous acid 
contains less oxygen than sulphurous, and hyposnlphuric less 
than sulphuric. 

Oxy denotes a dose of oxygen more than is indicated by w ; 
thus, oorychloric acid is stronger than chloric acid. Ter denotes 
3 equivalents as terchloride. 

The terms sub, under, and super, above, are used with re- 
spect to the salts. When the components neutralize each other, 
it is a neutral salt ; if the add prevails, it is a super-^t ; if the 
alkali, it is a 5u6-salt ; but these terms are now obsolete. Ses- 
quiy one and a half, is used when elements combine in the pro- 
portions of one an(^a half to one, or as three to two. 

246. Examples. — ^The following examples will show how the 
numeral prefixes are used : 

Triphosphuret of copper 1 eq. phosphorus +3 eq. copper. 
Dinoxide of copper 1 eq. oxygen + 2 eq. copper. 

Subsesquiphosphuret cop. 1 eq. phosphorus -f- 1-^ eq. copper. 
Protoxide of copper 1 eq. oxygen + 1 eq. copper. 

Susquioxide of copper l-J eq. oxygen + 1 eq. copper. 
Binoxide manganese 2 eq. oxygen +1 eq. manga. 
Teriodide of nitrogen 3 eq. iodine + 1 eq. nitrog. 

Quadrachloride nitrogen 4 eq. chlorine + 1 eq. nitrog. 



TABLE OF NAMES AND THEIR COMPOUNOe. 

The following table shows at a view tjie names of the com- 
pounds, which some of the principal elements form, when com- 
bined with other substances. 

Namea. Compounds. 

Oxygen forms oxides. 



Chlorine 

Bromine 

Iodine 

Fluorine 

Sulphur 



u 
u 
u 

it 



u 



chlorides. 

bromides. 

iodides. 

fluorides. 

sulphides. 



Nanei. 

Phosphorus forms phosphides. 



Carbon 
Nitrogen 
Hydrogen 
Cyanogen 



u 

u 



carbides, 
nitrides, 
hydrides, 
cyanides. 



What is paid of sup^tpilUb and gubnlta t 
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It ¥rill be obseired that the former names of the sulphides, 
phosphides, and carbides, were sulphureis^ phosphureta^ and 
carburets. 

CHEMICAL 8THBOL8. 

246. The impracticability, in many cases, of contriving con- 
venient names, expressive of the constitution of chemical com- 
pounds, especially of minerals, suggested the employment of 
symbols, as an abbre\iated mode of denoting the composition 
of bodies. It was thought, the names of elementary sutetances, 
instead of being written at full length, might often be more 
conveniently indicated by the first letter of their names ; and 
that the combination of elements with each other might be ex- 
pressed by placing together, in some way agreed on, the letters 
which represent them. The advantage of such a symbolic lan- 
guage was felt so strongly by Berzelius, that he, some years 
ago, contrived a set of symbols, consisting of the initials of the 
Latin names of the elements, which he has since used exten- 
sively in his writings ; and other eminent chemists, as well as 
mineralogists, believing symbols to be useful, adopted those which 
Berzelius had proposed. The consequence is, that symbolic ex- 
pressions, called ckemicdl formula, are now so much resorted 
to, and so identified with the language of chemistry, that essays 
of great value are, in a measure, sealed books to those who can 
not read symbols. It is, therefore, important, that those who 
are to make chemistry an object of science, or business, should 
not be unacquainted with these signs. The following table in- 
cludes the symbols of all elementary bodies, according to Gra- 
ham's last edition. 

TABLB OF CHEMICAL BTBfBOLB. 

(Tboae In italict are rare, or Dewlj discovered.) 

Names of the elementa. Sjmibola, 

10. Calciuin, Ca. 

11. Carbon, C. 

12. Ceriuniy Ce. 

13. Chlorine, CI. 

14. Chromium, .... Cr. 

15. Cobalt, Co. 

16. Copper, (Cuprum,) . . Cu. 

17. Didymium, . . . . D. 

18. Donarium, Do. 

Wiul are oirbonate and Atcarbnnate of potash 1 What is a ponderable body 1 
What is a almple body 7 WiMt la the difference between a simple and an elementary 
bo^f 1 Whan do cheroiata call a bod/ simple 1 What are the uses of chemical sym- 
Mi 1 Who Inventrd these sjmbols 1 



1 


Nmbm of Um tlMocnu. 




Symbols 


1. 


Aluminum, . . 


• 


. Al. 


9. 


Antimony, (Stilbium,) 


. Sb. 


3. 


Aridium, . . . 




. Ar. 


4. 


Arsenic, . . . 




. As. 


.'). 


Rarium, . . . 
Hismnth, . . . 




. Ba. 


6. 




. Bi. 


1. 


Boron, .... 




. B. 


8. 


Bromine, . . . 




. Br. 


V. 


Cadmium, . . . 




. Cd. 



144 



CHJEUICAL SYMBOLS. 



NunM of the element!. 


Sfmbob. 


19. Erbium, . . 


. . . E. 


20. Fluorine, . . , 


. . F. 


21. Glucinum, . . 


. . . G. 


22. Gold, (Aurum,) . 


. . Au. 


23. Hydrogen, . . , 

24. Ilmerium, . . 


. . H. 

. . . n. 


25. Iodine, . . . 


. . . L 


26. Iridium, . . . . 


. . Ip. 


27. Iron, (Ferrum,) , 


. . Fe. 


28. Latbanium, . , 


. . . La. 


29. Lead, (Plumbum,) 

30. Litbium, . . . 


. . PL 
. . Li. 


31. Magnesium, . . 

32. Manganese, . . 

33. Mercury, (Hydrar( 

34. Molybdenum, . 

35. Nickel, . . . 


. . Mg. 

. . Mn. 
jyrum,) Ilg. 
. . . Mo. 


. . . Ni. 


36. Niobium, . . 


. . . No. 


37. Norium, . . . 


. . . Nr. 


38. Nitrogen, . . . 

39. Osmium, . . . 


. . N. 
. . O. 


40. Oxygen, . . 

41. Pall^ium, . . . 


. . . O. 

. . Pd. 


42. Pelopium, . . . 


. . Pe. 



Names of the elemeata. 

43. Phosphorus, .... P. 

44. Platinum, PI. 

45. Potassium, (Kalinm,) . K. 

46. Rhodium, R. 

47. Ruthenium, .... Ro. 

48. Selenium, Se. 

49. SiUcon, Si. 

50. Silver, (Argentnm,) . . Ag. 

51. Soda, (Natron,) . . . Na. 

52. Strontium, Sr. 

53. Sulphur, S. 

54. TVintaittm, (Columbium,) Ta. 

55. Telluriumy . . . . Te. 

56. Terbium, Tb. 

57. Thorium, Th. 

58. Tin, (Stannum,) . . . Sh. 

59. Titanium, Ti. 

60. Tungsten, (Wolfram,) . W. 

61. Uranium, U. 

62. Vanadium, .... V. 

63. Yttrium, Y. 

64. Zino, Zn. 

65. Ziroonium, Zr. 



Note. — ^In some cases, the 83mibols represent the Latin, instead of the 
conmion names of the equivalents, as Natron, meaning soda. In such 
oases the terms are placed in brackets. 

247. About symbols. — Sir Thomas Brande has invented, 
and employs, symbols diflfering in several respects from those of 
Berzelius above given ; so that those who consult his works, 
and those of some other writers, will have to learn a new series 
of charactere, to signify the same elements. Those of Berzelius 
are, however, employed by most authors who have adopted the 
symbolic system of chemical writing, both in this country and 
Europe. To those students, however, who intend only to ob- 
tain a general knowledge of chemistry, by going once or twice 
through a manual, these signs can not be considered of primary 
importance. When formulae of considerable length and com- 
plexity are indicated by these signs, the student will, at first, 
find himself at a loss to comprehend them, and will, every mo- 
ment, have to consult the table to understand what ho sees. 
We have, therefore, in kindness to the student, thought best 
not to adopt them fully ; at the same time, giving such ex- 
planations as the subject seems to require, so that those who 
desire it can become masters of the whole matter. 

248. Explanation or chrmical stmbous. — ^These signs 
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are intended to represent the chemical equivalents of the ele- 
ments. Thus, the letters H. L and Ba. stand for one equivalent 
of hydrogen, iodine, and barium ; and 2 H, 3 H, and 4 H, fof 
2, 3, and 4 equivalents of hydrogen. The formulae for com- 
pound bodies are indicated by the elements they contain, and 
the mode in which they are united. This may be done in sev- 
eral ways, but the most common method is, to connect together 
the symbols by the same signs as 'are used in algebra. Thus, 
the formula K-fO, Ca+0, Ba-fO, Mn-fO, Fe+0, 2 Fe-f- 
3 O, 3 H+N, 2 H-f2 C-f2 O, N+5 O, S+3 O, and H+CL, 
denote single equivalents of potassa, lime, baryta, protoxide of 
manganese, protoxide of iron, sesquioxide of iron, ammonia, 
glefiant gas, carbonic acid, nitric acid, sulphuric acid, and hy- 
drochloric acid. The formula K-fN+S O, indicates the ele- 
ments which are contained in an equivalent of nitrate of potassa : 
in order to express, further, that the potassium is combined with 
only one equivalent of oxygen, the remaining oxygen with the 
nitrogen, and the potassa with the nitric acid, the symbols are 
placed thus: (K+0)-f(N-|-5 O,) the brackets containing the 
symbols of those elements which are supposed to be united. 
A number placed on the outside of a bracket multiplies the 
compound within it: thus (K+0)-|-(S+3 O) is sulphate of 
potassa, and (K-|-0)+2 (S+3 O) is the bisulphate of potassa. 
All the elements contained in a compound are thus visibly rep- 
resented, and the chemist is able readily to trace all the modes 
of combination, and to select that which is most in harmony 
with the facts and principles of his science. He may, and often 
does, thereby detect relations which might otherwise have 
escaped his notice. 

The above is taken from the last edition of '* Graham's 
Cbenustry," and if teachers and students in this country adopt 
this method, the doctrine of chemical symbols will become 
generally understood and appreciated. Independently, how- 
ever, of the vexation of learning such a number of signs, we can 
not perceive the utility of employing them for common pur- 
fioses, though already learned. Thus bisulphate of potash, as 
seen above, is thus expressed, (K+0)+(2 S-i-3 O.) Now, 
who does not sec tliat the words themselves can be more quickly 
written tlian these signs made ? and, when printed, close atten- 
tion and mucli practice is required in order to avoid errors in 
reading tliem. 

249. Ibomorpuism. — This term comes from the Greek, sig- 
nMying likeform^ and is applied to such substances as astuiiM 

13 
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the same crystalline forms, though composed of different ele- 
ments, and having the same number of equivalents. 
* Also, the quality of a substance by which it is capable of re- 
placing another in a compound, without any alteration of the 
previous crystalline form of the compound. This new brancji 
of chemical science is particularly illustrated by the arsenic anil 
phosphoric acids. Thus, the neutral phosphate and biphos- 
p'uite of soda, have exactly the same crystalline forms as tlio 
arseniate, and biarseniate of soda. Each arseniate has a com^- 
pponding phosphate, possessed of the same form, possessing th'* 
same number of equivalents of acid, alkali, and water of crystal- 
lization, and differing, in fact, in nothing, except that one serit*s 
contains arsenic, and the other an equivalent quantity of phos- 
phorus. 

These examples are sufficient to show the meaning and scope 
of isomorphism. Many other cases of the same kind are to he 
found described by chemical authors. 

250. Isomerism. — This term is a Greek compound, and sig- 
nifies equal parts, and in chemical science is applied to certain 
compounds, which, though they have the same elementary 
equivalents, possess entirely different properties. 

Such bodies have in general been found, by the progress of 
discovery, to agree in the relative proportion of their constituents 
only, and to differ in the aggregate number of the atoms com- 
posing them, or in the mode of arrangement of these atoms ; 
and although new c-ases of isomerism are constantly arising, 
others are removed as they come to admit of explanation. In 
the abstract. Isomerism is an improbable phenomenon, since a 
difference in the properties of a compound, without a difference 
in their composition, would seem to be an effect without a cause. 
In some of these cases, however, although the relative propor- 
tions of the compound are identical, the number of atoms of 
each are different. These are shown by 

Oil of lemons, . 10 eq. carbon. 

" " . . 8 eq. hydrogen. 

Oil of turpentine, 20 eq. carbon. 

" " . . 16 eq. hydrogen. 

Here we see that although the relative proportions of each 
are the same, the number of combining atoms differ, and hence 
the entire difference in tlie nature of these two bodies. 



m^i^ *■ the meaning of Isomoruhiem 7 What examples are given 1 What !■ die 
ineaninff of leomerlsml How \n thin ferm api>li»Ki fo rhemical comnonnfki t 
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CHAPTER XIII. 

P0]!O)ERABLE BODIES. 



251. Explanations. — ^A ponderable body is one which has 
appreciable weight 

A simple body is one which has not been decomposed. These 
are also called elements^ or elementary bodies. 

It is possible that all the substances now called elementary, 
may still be in reality compounds, for our knowledge on this 
subject is entirely negative, that is, all bodies which the art of 
chemistry has been unable to separate into parts, or to decom- 
pose, are called simple, in order to distinguish them from known 
compounds. Before the refinements of chemical analysis were 
known, it was believed tliat nature afforded only four elements, 
xM^fireyair, earth, and water. Analysis has, however, shown, 
that ^re, or h^at, is the result of chemical union ; that air is a 
compound of nitrogen and oxygen ; that there are many earths, 
and that water is composed of hydrogen and oxygen. 

252. Number of elements. — ^The number of simple, or ele- 
mentary substances, as arranged under the head of chemical 
symbols, now amount to sixty-five. Of these, much the largest 
pru|)ortion are metals, or metallic bodies, seven or eight of which 
have been discovered within a few years. 

Not long since, potash, soda, and many other substances, 
which die refinements of chemistry have shown to be com- 
pounds, wore supposed to have been elements ; and it is not 
improbable that some now rated as simple bodies, will prove to 
be couipmnds. 

253. TuANSFERRiNO THE OASES. — Bcfore proceeding to de- 
bcriUj the properties of the gases, it might be thought necessary 
t4i detail more particularly than has been done, the modes of 
(Niufiiiiu^ and ti'ansferring them from one vessel to another 
But it is thought that such directions are better understood by 

IIi»w nimiy elemeiiU were formerly suppcised to exist ? What is snid concerning 
ttf air «iir«li •»»«* watt-r f llciw nidiiv elements are now Hunposed to exist, and 
wliii art- Ihi r / What iii aaid of the probability tliat some bodies now arranged m 
tltmeuiM w.ll b«> found lo be eompotindsl 
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the student, and much more readily followed when given in con- 
nection with the particular subjects or cases to which they im- 
mediately apply. The method, for instance, of transferring the 
nitrous oxide from the retort to the gasometer, and from the 
gasometer to the gas bag, will be best understood if given in 
connection with an account of the properties of the gas, or im- 
mediately after it. The same, it is thought, may be said of 
confining and transferring the other gases. As several diflPerent 
methods are required, depending on the nature of the gas, its 
absorption by water, its specific gravity, and other properties, 
these different modes can be best explained and understood in 
immediate connection with the description of the peculiar pro- 
perties of each gas. 

254. Definite proportions. — As the doctrine of definite 
proportions is not only highly interesting as a subject of philos- 
ophy, but is also intimately connected with chemistry, both as 
a science and a practical art, we shall attach to the name of 
each substance at the head of sections, its equivalent number, 
so that the reader may at once observe its combining propor- 
tion. And it is earnestly re-commended to the pupil, that he 
should not only regard this subject as one of great importance 
in a scientific relation, but also, when viewed in a different light, 
as one that tends directly to impress the mind with the most 
serious conviction that nothing in nature has been left to 
chance, but that the Almighty Creator has left a witness of 
Himself, even in the proportions and arrangement of the atoms 
of matter. Nothing, perhaps, even the sublimest works of na- 
ture, are more calculated to elicit the wonder and astonishment 
of a reflecting mind, than the fact that substances combine with 
each other in exact and definite quantities, and that these quan- 
tities or proportions, are the same in relation to the same sub- 
stance throughout the world, and have been so ever since the 
creation. This discovery may be considered as a new proof, 
directed expressly to the present age, that the most minute 
works of what we call nature, do indeed bear the most indubit- 
able marks of divine agency and design. 

255. But while the discovery itself is an evidence of the pro- 
found philosophy of the present age, the development of its 
principles, by the constant accession of new ideas, is calculated 

What is said of the doctrine of definite proportions, in relation to philosophy and 

chemistry 7 In what other respects is this subject recommended to the particular 

attention of the pupill V^bat is naid of divine agency and design in the minute works 

*of nature 1 After all human acquirements, how much do ws koow of tbs laws aud 

operations of aaturs ? 
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rather to bumble Uie pride of buraan knowledge, by as constant 
a conviction, that after all our acquirements, we know compara- 
tively nothing of the laws and operations of nature. The very 
feet, that the laws of proportions, now comparatively just known 
to man, have existed ever since ihe creation of matter, and have 
been in perpetual exercise all over the universe, without a sus- 
picion of their existence, is of itself a sufficient proof of the 
almost entire ignorance of man even of the phenomena of na- 
ture, and a still .stronger proof of his ignorance of her laws. 
And if facts, in themselves so simple, yet so wonderful, and 
when once known, so ob>ious, have escaped the observation of 
man for thousands of years, is it not probable that phenomena 
are constantly going on before our eyes, which, could we under- 
stand them, would astonish us still more, and at the same time 
afford a still stronger conviction of our ignorance, and want of 
penetration ? 

These considerations, while they are calculated to humble the 
pride of human intellect, by showing how little we know of the 
laws which govern even the ordinary operations of nature, 
ought, by the conviction of ignorance, to prove an incentive to 
constant observation on natural phenomena, that, if possible, wo 
might arrive at the knowledge of thieir true causes. 



CHAPTER XIV. 

INOfiOANIC CHEMISTRT -NOX-METALUC SUBSTANCEa 

oxroEN. 
EquivaleDt, 8. Symbol, O. 

256. The name oxygen is derived from two Greek words, 
and signifies the former or generator o/acidsj because it enters 
into the composition of most acid substances, and was for- 
merly considered the universal and only acidifying principle in 
nature. 

It was discovered by Dr. Priestley, in 1*774, and named by 
him dephlogisticated air. Its specific gravity is 1.11, air being 
1. It is a non-conductor of electricity, like common air. Its 



Whiil in iiroTf^ by the (art. thnt th« law of ilrfinite propnrtionR, though rxistiii? 
rvi-r Kiiirf! ill*- cmilioii of mitl«-r. hnve. until IntHy, reniainrd unknown ? Wliat ia 
Mhl of ih# probnbihly tluil wnndt-rtul phrnomfiia areronstantly Roing un before our 
rvM T Whkt di>eii ihi> tenn oxyci>n ^igitify 7 Wtio diLCOTored (hi« ffaa 1 What in 
the aiH cKc ar^^ity "^ oxyict-n t^n 7 
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electrical state is always negative, and when sutldtnly and fo^ 
tah\y compressed, as in tlie fire-pump, alreadv deacribed, it emit* 
light and heat. 

Oiiygen may be obtained from many substances. The per- 
oxides of lead, or manganese, and the uitrat« and chlorate of 
potash, all yield it in abuudanc«, when. merely exposed to a 
dull red heat 

257. Fiiou UAKOANESK. — A convenient substance for tliis 
purpose is black, or peroxide of manganese, in the state of fine 
powder. This, when heated in an iron bottle, or gun-barrel, 
will yield upward of 120 cubic indies of the gas to an ounce of 
the oxide. For small experiments, a guii-lwurel may be used; 
but where considerable quantities are wanted, a wrouglit-iron 
bottle, witli a neck 18 inches loug, is the best iustiuiucnt. 
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258. Into such a bottle introduce three or four iH>unds of the 
block manganese, in {x>wder, and having placed it in a furnace, 
83 shown by' Fig. CO, on makinff the fire, oxygen gas will, in n 
few minutes, come over in abundance. The neck of the bottle, 
a, is connected with the glas-t, or lead tube, b, leading to the 
gasometer. This vessel is formed of two cylinders, c and d, 
placed one above the other, with tubes communicating betweeu 
them, through which the water pa.sses to fill the lower cylinder, 
on being poured into the upper one. Two of these tubes reacli 
to the bottom of the lower cylinder, and the other two are 
stopped with iJjumb screws. 

gafl by tDAUia of EH litpBrBIUH. F^f. G€. 
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259. Before the escape of the gas from the retort, .the gas- 
ometer must, of course, be filled with water. This is done by 
pouring it into the upper cylinder, the stop-cock, e, being open, 
for the eicit of the air. Now, on stopping the communication 
betw^een the two cylinders, and turning the stoixjock, e, it will 
be seen that the gas now to be admitted, can not escape by the 
long tubes from the upper cylinder, since their mouths are under 
the water, nor by the others, since they are closed by stop-cocks. 
The first portions of the gas are impure, and may be let off at e, 
until the wick of a candle just blown out, takes fire on being 
lield in the current In these gasometers, there is a glass tube on 
the outside, to show the quantity of water or gas it contains. 
The tube by which the gas is admitted, must be curved down 
from such a height as to prevent the water in the gasometer 
from flowing back into the retort. As the gas is let in, the 
water is allowed to escape by a stop-cock, through which the 
tube passes to admit the gas, this being closed when the gas- 
ometer is fulL The upper cylinder being open, water is poured 
into this, to increase the pressure on tlie gas in the lower one. 
By fixing a tube at e, and opening the stop-cock, and pouring 
water into the upper c}linder, the gas may be transferred to 
any place w^here it is wanted. By fixing a jet-tube and stop- 
cock to the gas holder, and directing a jet of oxygen through 
the flame of an alcohol lamp, nearly all the effects of the com- 
pound blow-pipe may be obtained. 

*2G0. Theory. — With respect to the theory of the. above 
j»rocess, it is necessary to state, that there are three oxides of 
manganese, each, of course, containing different proportions of 
oxygen. These oxides are thus constituted, the combining pro- 
|>ortiou of manganese being 28, and that of oxygen 8. 

Protoxide manganese, 28, added to oxygen, 8=36. 
Deutoxide, . . . 28, " " 12=40. 

Peroxide, .... 28, " "16=44. 

When the peroxide is exposed to a red heat, it parts with 
half a pro|»ortion of oxygen, that is, 4 parts, the number for 
oxyir^'n being 8, and is therefore reduced to a. deutoxide, whose 
number, it will l)e observtHl, is 40. The number for the peroxide 
being 44, and the loss by a red heat being 4, we obtain 4 

In what miinnfr may lh»; rfCvctnof the compound blow-pipe be obtain«l by this 
#■». a.ui n npinl iHmp I How maiiv oxidcM ofmuiiiKaiieHe are Ihrre, hihI what are the 
|»ri't>ortiuiiii ul'oxygeu iu each t \Vhat pruportiou of oxygen does the peroxide part 
wiin at a red beat i 
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grains of oxygen for eveiy 44 grains of the oxide, which in bulk 
is nearly 12 cubic inches, making about 128 cubic inches for 
each ounce of the oxide. 

When oxygen is obtained by means of sulphuric acid, the 
theoretical expression is diflfercnt. In this case the peroxide 
loses a whole proportion of oxygen, and is thus converted into a 
protoxide, which then combines with the acid, forming a sul- 
phate of manganese, which remains in the retort. By tlus pro- 
cess, therefore, the peroxide yields 8 grains of oxygen to every 
44 grains employed; butMn practice it is found 3iat the first 
method is the best and cheapest. 

261. It will be observed, that the weight of oxygen for the 
deutoxide, expressed above, is only 12, being a proportion and 
a half, instead of two proportions of that element. The oxides 
of lead and iron afford examples of precisely the same kind. 
These facts were at first supposed to afford exceptions to the 
law of definite proportions, or rather to the atomic theory, by 
which the cause of definite quantities is explained. But it will 
be remembered, as already stated, that the smallest proportions 
in which bodies have been found to combine, by weight, are 
those by which they are represented in numbers. Now the 
smallest proportion in which oxygen has hitherto been known 
to combine, is in water, this proportion being as 8 to 1. The 
number, therefore, for oxygen is 8. 

262. From red oxide of mercury. — The ingenious student 
who has a strong desire to witness the effects of oxygen on 
various substances of which he had so often read, may obtain 
enough for his purpose from several corapoimds, most of which 
are easily obtained. In addition to the oxides of lead and man- 
ganese, and the chlorate of potash, already named, oxygen is 
readily obtained from the red oxide of mercury^ or red precipi- 
tate. In this compound the affinity which holds the mercury 
and oxygen together is so feeble, that simple exposure to the 
heat of a lamp suffices to effect decomposition. 

The apparatus for this purpose is shown by Fig. 67, where a 
is a tube of glass, stopped with a cork, through which passes 
the end of the glass tube, 6, bent as in the figure, so as to open 
under the receiver, c, which is filled with water, and stands on 
the shelf of a pneumatic trough. The precipitate being placed 

To what oxide is the peroxide reduced by parting -with n portion of ltd oxyireiil 
What does deutoxide mean 1 Explain the chemical chaiijres wliich take place when 
the oxyjren is obtained by means of sulphuric acid. What \s said concprnmx the 
weight of oxygen for the deutoxide of maitganet-e ) Describe the means of obtaiuii^ 
oxygeu from red precipitate and cliioride of potash. 
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in the tube, for vbicli a retort of larger Bize may be enbstituted, 
the heat of tlie spirit lamp, d, boos extricates the oxygen, which 
trill be Been to riae through the water. By having several such 
receirers filled with water, tlie student may fill and remove, one 
aft«r the other, or by upward pouring transfer the gas to other 
vessels, only taking care to keep their mouths under the water 
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of the cistern during (Le process. Instead of the red precipitate, 
the chlorate of potash may be used, which yields very pure oxy- 
frtn. If the chlorate is mixed with one-half its weight of oxide 
of manganese, it will require leas heat tian when used alone. 

Oxygen gas is an invisible transparent fluid, like common ^r, 
and has neither taste nor smell. It is sparingly absorbed by " 
water, 100 cubic inches of which, take up three or four cubic 
inches of the gas. 

263. Universal Avnsnr or oxtokn. — Oxygen has the 
most univeraal affinity of any known substance, there being not 
one of the simple sulietanceB with which it may not be made to 
combine. It unites with all the metals, forming a very exten- 
Mve class of compounds, known under the name of oxidei. 
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With some of them it combines in such proportions as to fbrm 
acids. Such is the case with arsenic, molybdena, and others. 
With the simple combustibles, sulphur, carbon, Ac, it also com- 
bines in various proportions, forming oxides and acids. With 
the metals sodium and potassium, it enters into combination to 
form the alkalies soda and potash. Thus the acids and alkaties, 
though in most of their proportions so entirely opposed to each 
other, are composed of oxygen united to different bases, the 
base of sulphuric acid being sulphur, and that of potash being 
potassium. 

The process of oxidation sometimes takes place very slowly, 
as in the rusting of iron exposed to the atmosphere. In this 
case the affinity of the iron for the oxygen contained in the 
atmosphere, though constantly exerted, produces its effects very 
gradually, particularly if the iron is kept in a dry state ; but the 
oxidation is greatly facilitated if the iron is moistened with 
water, since, then, the metal absorbs oxygen from the water, as 
well as from the air. 

264. Combustion, what ? — In ordinary combustion, which 
is nothing more than a rapid oxidation, with the extrication of 
heat and light, the strong affinity between the combustible and 
the oxygen is caused by the great elevation of temperature. 
The combustible requires, in the first place, to be heated to a 
certain degree, before it will attract oxygen with sufficient force 
to emit heat and light, after which, the elevation of its tempera- 
ture is continued by the absorption of oxygen, and tlius the 
combination of one i>ortion of oxygen with the burning body, 
causes the absorption of another. 

A combustible is any substance, capable of uniting with oxy- 
gen, or any other supporter of combustion, with such rapidity, 
as to cause the disengagement of heat and light In this sense, 
iron, steel, and many other bodies, though they will not burn 
in the open air, are strictly combustibles, as they conform to the 
above definition, when heated in oxygen gas. 

In this gas, all combustibles burn with greatly increased 
si)lendor ; and many substances which, before the discovery of 
this gas, could not, in any sense, belong to this class, are now 
strictly combustibles. 

What are the compoundn ofoxjffen and the metals called 1 Does it ever form 
actdshy combining with the metals 1 When combined with the metals potassium 
and sodium, what arp formed ? What is said of the spontaneous oxidation, or rutt- 
ing of iron 1 What is ordinary combustion 1 In combiisfion, what causes the stron;: 
affinity between the burning body and oxygen 1 In kindling a fire, why fit it neces- 
sary to raise the temperature of the wood, in order to make It bum 1 What ia a 
eombaatibie body 1 in what sense are iron, etcel, and other metals, combu ^tiblesl 
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Tlie combintion of various Bubatancea in oxygen gas affords 
experiments of the most brilliant and inBtniclive Eiud. 

Among' these, the combustion of iron, steel, and zine, are 
iiighly interesting, not only because we are not in tbe habit of 
seeing iDOtals burn, but because the first give out tbe most 
splendid coruscations of iigbt, while the zinc bums with a light 
jieculiar to itself. 

265. CoMBOsnojf or hteel m oxtoeit oab. — To exhibit 
tlie combustion of iron or steel in this gaa, procure a piece of 
wire of small size, or what is better, a watoh-spring, and wind 
it round a slender rod of wood, so as to coi! it m a spiral form, 
the turns of the ooil being about the fourth of an inch apart. 
TLen withdraw the rod, and fii to the lower end of the coil a 
■■miill piece of thread dipped in melted bees-wax, or sulphur, or 
what is better, a little piece of spunk. The other end of the 
wire, for a few inches, is to be left straight, and fixed to the 
cork litting the mouth of the bottle in which the experiment is 
tu be made. 

Next, fill a clear glass bottle, of a quart or 
more capacity, with oxygen gas, and having 
s.-t it upright^ cover the mouth with a plate of 
lilass, or otherwise. Then inflame the com- 
bustible on ihe end of the wire, and having re- 
moved tJie cover fivm the bottle, introduce 
tiie coil, and fix the cork in its place, as repre- 
H.'iited by Fig. 68. 

266. Intbnbb light. — The wire will bum 
with alight too vivid for the eyes to bear, 
throwing out the most brilliant coruscations in 
every direction. Now aiid then a globule of 
the melted metal will fall, and if the vessel 
(imtuins water, it will leap on its surfece for an ^ , 
li-.iiig tlirown up by the steam into which it converts the fluid. 
If the ve**-l contains no water, the intense heat of the globule 
will riin*e it to melt the glass, and sink into its substance, and 
if tlie glass be thin, it will fuse a path quite through it, without 
■'auHtng the least fracture, 

aCi. CoMUL'HTioH ov ZINC. — To wituesH the combustion of 
ziuc in oxygon, firnt prepare the metal by mciting, and pouring 
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it, while fluid, into the water. Tlien place soma thin pieces in 
a epoon, prepared wilh a cork on its handle, aa represented by 
fig. 69, and put in the midst of the zinc a small pieca 
of phosphorus. Having a bottle of the gas prepared, "*'■ *■ 
as in the last experiment, inflame the phosphoTUS hy 
holding the spoon orer a lamp, and instantly intro- 
duce it into Uie bottle, fixing the cork in its place. 
The metal will bura with the beautiful white light, 
o^u tinged witli greeo, owing to a small quantity of 
copper which the ranc contains. 

If ft lighted candle be blown out, and then plunged 
into a vessel of this gas, while a spark of fire remains 
in the nick, it will be re-ligbted with a slight 
explosion. dp"™- 

The best way of making this experiment ia, to ^ace a short 
piece of candle in & socket, fixed to a wire, as in fig. 70. In 
this manner a candle may be blown out and again 
set on fire by dipping it into a bottle of oxygen, """ ~ 
twenty or thirty times, and perhaps oftener. 

268. Ghanbbs by oombdstioh. — During com- 
bustion in oxygen gas, the oxygen comtunes with 
the burning body, and produces remarkable 
chmges, not only on the combustible, but also on 
t^e gas. The combustible, on examinatjoo, will 
be found to have sensibly increased in weight, by 
the combination, while the oxygen entirety loses 
the power of again supporting combustion, so that 
if a lighted candle be plunged into it, instead of 
burning with splendor, as before, it is now instantly 
extinguished. 

These changes are readily explained by the anal' 
body burned, and of the gas. The iron loses its brill, 
is converted into a dark brittle substAnce, easily pulven 
mortar. This is an oxide of iron, and consists of the iron 
united to the ponderable portion of the gas, K the i 

fhed before the combustion, and afterward, it will be found 
ave increased in weight id the proportion of 6 parts to 
the 28. 

269. Lobs of wkioht by comepstion. — The gas, on the 
contrary, loses in weight what is gained by the iron ; and if tlie 

WIuI lithe elTtct whHi > undle iB blown DDt, and IhFD IniuntZr pluD(«] Into lb* 
fu 1 Whnl elliFci dnn combiutlon produce on oij^^eD gu 1 Wh«t eliiiiii* t» pro- 
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▼eesel in which the experiment is made, be open at the bottom, 
and stands in a dish of water, the diminution of the gas in vol- 
ume will be indicated by the rise of the water in the vessel. If 
the gas and iron are both accurately weighed before the experi- 
ment and afterward, the sum of their weights will be found pre- 
ciselj the sansie, proving that nothing has escaped, and that 
what has beefiest by the oxygen has been gained by the iron. 
When other combustibles are submitted to the action of this 
gas, though they may entirely change their appearance by the 
process, or seem to be dissipated and consumed, yet nothing is 
lost by the burning, there being in all such instances merely a 
change of form. Thus, when charcoal or diamond is burned in 
a confined portion of this gas, instead of losing, as in the former 
experiment, the gas increases in weight, that is, it is converted 
into carbonic actd gcis^ by a union between the oxygen of the 
gas, and the carbon of the diamond or charcoal, so that what is 
lost by the charcoal is gained by the gas. 

270. Destroys animals. — ^In every instance the gaseous 
matter which remains in the vessel after combustion, is unfit to 
support animal life. If a bird or any other animal be confined 
in a limited portion of atmospheric air, it soon dies, because it 
destroys the oxygen the air contains, by converting it into car- 
bonic add; thus leaving another portion of the atmosphere 
called nitrogefiy both of which are destructive to life. (See 
Nitrogen,) 

If a bird be confined in a portion of oxygen, it will live longer 
than in the same quantity of atmospheric air, because it is the 
oxygen alone which supix)rts the respiration ; but it dies when 
the oxygen is consumed, or converted into carbonic acid. But 
if any animal be introduced into a portion of air after its oxy- 
cjcu has been destroyed, or absorbed by a burning body, it dies 
in a few seconds, unless, like the frog, it has the power of sus- 
I Holding its respiration. 

271. Caution about wells. — Finally, it is proper to re- 
member, that no animal can. live in an atmosphere which will 
hot support combustion. 

Why do«s the oxide of iron weigh more than the metal before it wan burned 7 
Suppiine lh« iron nnd ozyeen are both accurately weiglied before and after ihe ex- 
prnmrnt, what effect ou their weifhts will be produced by the combuvtion 1 Is any 
ihinf loRt by combUNtion 1 When charcoal is burned iu a confined portion of oxy- 
p-fi gaa, what eflert is prutlured on each ? Into wliat gas is the oxygen converted 
by the proceiw 1 Will the ifas left after combustion ever sustain animal life? Why 
will a Dird or any other animal soon die when confined in a Umited portion of rom- 
fimo air t Whr will an animal live longer in oxygen gaa, than in the same portion 
r'frommon air I Will an animal live In air which wlU not support combustiouT 
Will air which is unfit for respiration aupfiori t ombustinn ? 

14 
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Were this fact more generally known and remembered, we 
should not every year hear of instances where lives are lost by 
descending into old wells or cisterns. The cause of such acci- 
dents is the presence of carbonic acid in the bottom of such 
6avities ; and were the precaution taken to let down a burning 
candle, before the descent of the person, all danger might be 
avoided ; for if the flame is extinguished, the air will not sup- 
port animal life. 

It has been recently reported, that throwing buckets of water 
into a well, where t^o persons had fallen down by suffocation with 
carbonic acid gas, had been the means of saving their hves. 
(See Carbonic Add,) 

HYDROGEN. 

Equivalent, 1. Symbol, H. 

272. The name of this gas is derived from two Greek words, 
signifjring the generator of water, because it enters largely into 
the composition of that fluid. 

It was discovered by Mr. Cavendish in 1766. Its specific 
gravity is 0.069, air being 1. — 100 cubic inches weigh 2.11 
grains, while thes same bulk of air weighs 30.6 grains ; it is, 
therefore, about 14 times lighter than atmospheric air. Com- 
pared with oxygen, it is just 16 times lighter than that gas; 
being indeed the lightest of all known ponderable bodies. It 
refracts light more powerfully than any other body, its refrac- 
tion being in the ratio of 6.6, air being 1. Its electricity is 
positive. 

273. How OBTAINED. — ^Hydrogcn may be. obtained by sev- 
eral processes, but in no instance without the presence of water, 
it being evolved only by the decomposition of that fluid. 

The most convenient method, is to put fragments of iron or 
zinc into a proper vessel, and pour on them two parts by weight 
of sulphuric acid, diluted with 5 or 6 parts of water. The 
hydrogen will immediately ascend through the water in 
abundance. 

Where only small quantities of hydrogen are wanted, the ap- 
paratus. Fig. 71, is suflicient It consists of a flask of thin 

What precaution ought always to be taken before a person goes into a well or old 
cistern 7 What is the derivation of the word hydrogen ? What is the w^ght of 100 
cubic inches of this gas 1 What is its weight when compared with air 1 I^w much 
lighter is hydrogen than oxysrenl What substance is lighter than hydrogen gas? 
What is said of its power to refract light 1 What is the electrical state of this gas 1 
Can this gas be obtained without the presence of water t Why 1 What \» the beit 
method of obtaining this gas t 
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f^BBSj €iy into whitsh the grannlated zidc is put, and then the 
oork, with the tnbes, b and e,f, passing through it, is put in its 
place. The tube, c, passes under a yessel filled with water, and 
inverted in the cistem, as shown by the figure. When eyery 
thing is prepared as shown and described, pour the diluted acid 
through the funnel h^ and the gas will instantly begin to rise 
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Hydrogen by Acid and Zinc. 

in the bell glass, as its bubbles will show. The first portions 
must be thrown away, as it will be mixed with atmospheric air, 
and therefore liable to explode. Zinc for this purpose is gran- 
ulated by melting, and pouring into water. It dissolves more 
readily dian iron. 

274. Theort. — ^The production of the hydrogen depends on 
the decomposition of the water which is effected by the united 
action of the metal and acid. The metal, having an attraction 
for oxygen, obtains it from the water ; this forms an oxide of 
the metal which is instantly dissolved by the acid ; the surface 
of the metal is thus left clean, and exposed to the water, from 
which it attracts another portion of oxygen, which is dissolved 
as Ixrfore. Meanwhile, the hydrogen being thus detached from 
ili«? oxygen, absorbs caloric, and is evolved in the form of hy- 
dn»'jfen gas. 

275. Process with a gun-barrel. — Hydrogen may also 
Ih* obtained abundantly by passing the steam of water through 
a hot iron tube. In this case, the oxygen combines with the 
iron, while the hydrogen is evolved. 

This process may be |)crformed in the following manner. 

On what dom tlic prmlucf ion orhyilrogeii dciiend 1 Kiplaiii tli(> chemical changefl 
which fakr nUiC4> durhiff the iirodtinioii ofihiM uomI liy what other methcNl may 
Ibicgw bt cibCaiiied T How docit the red ho( gun-barrel dtroinpoM! the water 7 
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Ifeftrly fill a gun-barrel with iron tnmingB, tbd clenner and 
brighter the better. Thea place the barrel across a furnace, h 
shown by Fig, 72, and attach to ita end, by means of a perfor- 
ated cork, a glass or lead tube, to be connected with the glaM 
flask, b. This is done b> prevent the possibility of the vater in 
the cistern, where the gas is received, from finding its way into 
tbe red hot gun-barret, which it might otherwiae do if the 




^/dregm fty a Gun-baml. 

steam in the retort, a, should be condensed. The retort, u, over 

a lamp, cont^na the water, and the tube, e, leads to the vensl 
where the gas is to be collected. This is commonly an inverted 
bell glass, filled with water, and standing in a trough or datem. 
Being thus prepared, kindle a charcoal fire in the furnace, and 
light the lamp under the retort As the water boils, the steam 
passing through the barrel among the red liot iron, will be de- 
composed, as above stated, while the hydrogen will coma 
over in abundance, and passing through tbe flask, 6, and the 
tube, f , will be collected in the vessel prepared to receive it 

Hydrogen, when obtained by either of these methods, 
is not quite pure, but contmns a little sulphur or carbon. For 
particular purposes, it tnay be purified by passing it through a 
solution of pure potash in water. 

Ill this state hydrogen is without color, taste, or Btnell. It ia, 
so far as is known, an elementary body, having resisted all 
attempts to resolve it into more simple parfa, 

276. Does not support combdstion. — It is inflammaU^ 
but not a supporter of combustion. If a lighted candle be in* 
troduced into a vessel of this gas, the flame is instantly eztiit- 
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gnished, bat in passing into the gas, it inflames that portion 
which is in contact with the atmosphere. This shows that the 
combustion of hydrogen requires the aid of oxygen, which it 
absorbs firom the atmosphere as a supporter. 

This experiment may be made by inverting the vessel con- 
taining the hydrogen m the open air, its levity preventing it 
from escaping downward. In this state it will be seen to bum 
only on the lowest surface. But if the vessel containing it be 
turned upright, the whole will escape in a volume of flame. 

277. Is USED FOR BALLOONS. — Hydrogcu is the gas with 
which balloons are charged, and being about fourteen times 
lighter than common air, if the balloon is large, it ascends with 
great force. The principle on which balloons ascend, is the dif- 
ference of spedflc gravity between the balloon as a whole, con- 
sisting of hydrogen, and the apparatus containing it, and the 
same bulk of atmospheric air. It is the same principle that 
makes a cork rise through water, or a leaden bullet through 
quicksilver. 

The principle of balloons may be illustrated thus: Fill a 
bladder, or a gas bag, furnished with a stop-cock, with hydro- 
gen gas; attach to the stop-cock a tobacco-pipe, or what is 
better, one of metal. Then dip the bowl of the pipe into a solu- 
tion oJF soap, and form bubbles by pressing the bladder. These 
babbles being detached from the pipe, will rise rapidly through 
the air. 

278. Detonates wfth oxygen. — ^When hydrogen is mixed 
with oxygen and inflamed, the mixture detonates violently. 
The best proportions are two parts of the hydrogen 

and one of oxygen by volume. If soap bubbles of pig. 73. 
this mixture are touched with a candle when floating 
in the air, they give a report as loud as a pistol, but 
much more sharp and stunning. 

A loud report is also given when the hydrogen is 
mixed with common air, instead of oxygen. The 
best pro|)ortion8 are about three of the air to one of 
the hydrogen. 

This experiment may be varied by means of the 
hydrogen gun^ Fig. 73. It consists of a tin vessel, 
holding about a pint, the lower end being closed,* jiydrngen 
and the upiM?r end lofl open and fitted with a cork. 

How \m lhi« rxiicrinifnt b«it madel Why <Io« the hydroKcn burn onlr on the 
mrfare I Wilh wh«l rm ure belloon* AIM? On what principle <lo balloon* «•• 
cf Oil 1 How may the principle of haltoonii be illustraled I What istha conaequaiiM 
o^firiaic a mixture of hydrogen and ozygeu 1 

14* 
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a small orifice being made toward the lower end, as seen in the 
figure. 

Having filled this vessel about one-third with water, dose the 
small orifice with the thumb, and let in hydrogen till the water 
is displaced. Thus, the vessel will contain three parts of air 
and one of hydrogen. The cork being put rather loosely in its 
place, the mixture is fired by raising the thumb, and applying 
a lighted taper to the orifice. The cork will be driven out with 
violence, attended with a loud rQport. 

279. Musical tones. — When a jet of hydrogen pjg 74. 
is burned at the end of a tube with a fine bore, and 
within a large tube of glass, porcelain, or metal, 
musical tones are produced, which are grave or 
acute in proportion to the size or kind of tube ^-^'^^ 
employed. 

This pleasing experiment may be performed by 
placing the materials for making hydrogen in a 
convenient vessel, furnished with a tube, as in 
Fig. 74. Or the tube may be connected with a 
reservoir of gas already collected. The manner of 
holding the large tube to produce the musical 
tones is shown in the figure. 

Hydrogen can not be breathed without deleteri- MuaiaA 

ous effects, though it is not immediately fatal to Tonn. 

animal life. 

280. Action of platinum sponge on hydrooen. — The 
action of platinum sponge on hydrogen is singular and highly 
curious. When a jet of this gas is directed on a few grains of 
the sponge, both being cold, and in the open air, the latter im- 
mediately becomes hot, and in a moment glows with a red heat, 
setting tire to the hydrogen. 

Platinum sponge is prepared by dissolving the metal in nitro- 
hydrochloric acid, that is, a mixture of 1 part of nitric to 2 
parts of muriatic acid. Ammonia, or muriate of ammonia, is 
added to this solution, which produces a yellow precipitate. 
Whe*n this precipitate is exposed to a red heat in a crucible, the 
acids and ammonia are driven off, and there remains pure pla- 
tinum, in the form of a delicate spongy mass. Another method 
■ — — ■ 

What proportions of each make the loudest report ? What are the best propor- 
tions for mixinjf hydrogen and air for the same purpose? Describe the method rtf 
usiuf^ the hydrogen gun. Fig. 73. How are musical tones produced by the burninf 
of hydrogen ? Explain Fig. 74. Is hydrogen a respirable gas ? What effectH does it 

f>rouuce when breathed I What pbeuomeoa are produced when hydrogen ia throws 
D a stream upon platinum sponge 7 
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FIG. 75. 



of obtaining the sponge is, to throw the yellow precipitate on 
filtering pa}>er, and when the liquid has passed through, to dry 
the paper, and introduce it, with the adhering precipitate, into 
the crucible. 

281 . This curious effect of the action between platinum sponge 
and hydrogen, was discovered by Professor Dobereiner, of Jena, 
who invented the following method of producing an instantane- 
ous light by its means. 

The two vessels, a and 6, 
Fig. 75, are of glass ; a is 
])rolonged in the form of a 
tube, and is fitted to the 
mouth of 6, by grinding, or 
cement, so as to be air-tight. 
The lower part of a reaches 
nearly to the bottom of 6, and 
Is encompassed with a strip of 
zinc. Sulphuric acid, diluted 
with ^ve or six parts of water, 
bc'iug placed in 6, a is fixed 
in its place, as seen in the 
tij^rure. Hydrogen is evolved 
by the action of the acid on 
the zinc, and pressing upon 
tlie fiuid, (which must fill 
only about one-half of b,) 
driven it up the tube into a. 
The stop]>er of a is conical, and rises to lot the air from that 
veAsel escai)6. When so much gas has been evolved as to press 
niuAt of the acid up into a, and consequently to remove it from 
ih«2 zinc, the chemical process will cease, leaving b nearly filled 
Willi hydrogen. The brass tube, d, is cemented to the neck, c, 
and furnished with a stop-cock. The box, e, contains the pla- 
tinum s|)ongo*at the end of the tube. 

When a light is wanted, nothing more is necessary than to 
ri|Mfii thi; htop-c<x;k (/, and let a jet of the gas blow upon the 
s|Wih^, which becoming immediately red hot, a match, and 
then a candle may be lighted. Hy permitting the hydrogen to 
«'st'H)>e, the .'icid again eomos in contact with the zinc, and 
tliuH another portion of the gas is formed, and rcUiinod until 
waiit«*d. 




Ptatinum Sponge and Bydrogen. 



flow wlbc plaiiiMim vponfa pr^parfd 7 Explain V'\%. 75, noU abow bow hjrdrogen 
ia proUuccU. Biul ill wliia uiauucr it ui llimwii upon ihe hpunfe. 
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282. Decomposition of metaluo oxides bt htdrooeh. — 
Many metallic oxides when heated slightly in hydrog^i gas, 
giYQ off their oxygen to foim water with that gas, at the same 
time the oxide is decomposed hy the loss of one of its com- 
ponents. Thus, while one compound is decomposed, another is 
forming from one of its elements, and by proceeding carefdlly 
we can detect the exact composition of each. 

FIG. 78. 




Decomposition by Hydr^en, 

283. The apparatus, Fig. 76, is designed for this purpose. It 
consists of the flask, a, in which the hydrogen is slowly gener- 
ated by first introducing pieces of zinc, and then pouring through 
the pipe, 6, sulphuric acid much diluted. In generaJ, a little 
water in the form of vapor rises with the hydrogen, for the col- 
lection of which the two bulbs, c, c, are designed. If the gas 
still contains vapor, this is entirely withdrawn by passing through 
the tube, dy which contains dry chloride of lime, a salt having a 
remarkable attraction for water. It therefore passes into the 
globe, c, in a perfectly dry state. 

The ball, ^, contains the metallic oxide to be decomposed, 
that of copper, for instance. After the apparatus is filled with 
hydrogen, this ball is heated by means of a spirit lamp, until 
the oxygen begins to be evolved, when uniting with the hydro- 
gen, the heat thus produced keeps the copper red for a consid- 
erable time, thus producing a curious little self-acting furnace, 
the heat expelling the oxygen from the copper, which in its 
turn becomes the means of furnishing the neat. Before the 
process begins, the ball, e, is weighed empty, and then with its 

Wbj does not the acid constantly act upon the zinc 1 When one p<»tion of the 
fas escapes, in what manner is another portion generated t 
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oxide of oopper in it, and thus tlie weight of the copper is 
known. The weight of the globe, g^ is also found, as well as 
that of the chloride of lime in the tube, h. The water that is 
formed in e, passes down into g^ and if any vapor escape from g^ 
it will be absorbed by the chloride of potash in the tube h. At 
the end of the process, the weight of the water formed will be 
found by weighing the globe ^, with the water in it, and also 
weighing the chloride in A, and comparing the sum of these 
weights with what they weighed before. The loss of weight in 
e^ will show how much oxygen was given oflf by the oxide of 
copper, and thus by estimation the bulk* of oxygen can be 
known which the oxide of copper gave out. The quantity of 
hydrogen contained may also be estimated by that of the oxy- 
gen, the weight of this being known. Thus, the definite pro- 
portions of the elements of water, and the composition of an 
oxide may be ascertained by the same process. 

■ 
PROTOXIDE OF HTDROGEN. 

Equivalent, 9. Symbol, OH. 
1 eq. Oxygen, 8-f-l eq. Hydrogen, 1. 

WATEK. 

284. It is only necessary to remark in respect to the above 
abbre\iations, that the number for water, as already explained, 
is 9, beine composed of 1 proportion of oxygen 8, and one pro- 
portion of hydrogen 1. The same method being observed with 
respect to the ot£er substances to be described, the student has 
only to notice the numbers affixed to the names of each sub* 
stance, and he at once becomes acquainted with the proportions 
and compositions of eadi compound, and the number by which 
the compound itself is represented. This method, it is thought, 
will not only be found highly convenient, but will also greatly 
facilitate the acquirement of a proper knowledge of chemical 
equivalents ; a subject, as formerly remarked, of great import- 
ance to the student in th& present state of the science. 

285. Water produced dt the combustion op hydrogen. — 
It has been stated that water, by analysis, is composed of two 
parts of hydrogen, and one of oxygen, by volume, and 1 part 
iivdrogen, and 8 oxygen, by weight. 

Wbaf ia aifuified by the numbeni affixed to water, oxviren, and liydrogen 7 With 
what diMii the aludent bfcome acquaiiitf d by observing tne numbers affixed to names 
of the elements, and of their eomiH>uiids) By aualysii, what is the composition of 
water, by weight and measurt 1 
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Having described the properties of these two gases separately, 
it now remains to demonstrate by synthesis, that is, by the com- 
bination of these gases, that water is the product. 

It may be seen by a very simple experiment, that when hy- 
drogen is burned, water is formed. 

Fill with hydrogen a 
bladder, furnished with a ^®- ^• 

stop-cock and small tube. /^ ^ 

Inflame the hydrogen at 
the end of the tube, and 
introduce the flame into a 
dry glass globe with two "^y^ 
openings, as represented at 
Fii^. 77. As the gas burns, 
the rarefied and vitiated Combuatian ^ ^rogen, 

air will pass off at one of 

the openings, while the other admits fresh air to support the 
combustion. In a few minutes the inside of the globe will be 
covered with moisture, and by continuing the experiment, water 
will run down its sides, which may be tasted or otherwise ex- 
amined. The same experiment may be made with a large glass 
tube instead of a globe. In this experiment, it is supposed that 
the combustion of the hydrogen is supported by the oxygen of 
the atmosphere, and therefore nothing can be known of the 
proportions in which they unite. Nor would it be absolutely 
certain by this experiment that it was the oxygen of the at- 
mosphere which combined with the hydrogen, and supported 
its combustion. 

286. Burned in a close vessel. — But when the two gases 
are confined, each in a separate gasometer, and burned together 
in an exhausted vessel, the result will not only demonstrate to 
the senses that water is the product, but will also show the ex- 
act proportions of each element by weight and measure. 

For this purpose two graduated gasometers contain the two 
gases, each being furnished with a tube, leading to the glass 
globe. Fig. 78. Before the experiment begins, this globe is 
connected with* an air-pump, by the screw c, and exhausted of 
air, and then accurately weighed. It is then connected with 
tlio two gasometers which contain the gases by the pipes d 

By what simple experiment may it be shown that when hydrojfen is buri^, water 
is fi)rm< d ? Is It absolutely certain bv this experiment, that it is the ozyf^en of th« 
atmosphere whicli unites with the hynropen to form water? How maj it be demon- 
strated that llie conibii.-#t:o:i of hydrojrcn and oxygen form woter 1 
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and e. When every tiling is thus pre- ^^' ^ 

pared, the siop-oock d is opened, and a 

small stream of hydrogen let in, which 

is instantly inflamed by an* electrical 

spark from the conductor a, this being 

of course connected with an electrical 

machine. The oxygen is then admitted, 

by turning the stop-cock, e, and thas 

tiic combustion of the hydrogen is 

SUJ )ported. Synthens of Water. 

At the end of the process, the gra- 
duated gasometers show exactly the volume of each gas con- 
sumed, and as the weight of 100 cubic inches of these gases is 
known, it is easy to compute the weight of the volumes con- 
sumed, and, by weighing the globe, to compare it with the 
woififht of water produced. 

By such experiments, made with every attention to accuracy, 
totjether with that before described, of weighing the gases by 
means of exhausted vessels. Fig. 65, it is proved, that hydrogen 
and oxygen unite in the proportions of 2 of the first to 1 of the 
last, by volume ; and in the proportions of 1 and 8, by weight ; 
that the sole product of the combustion of the two gases is 
water, and that the weight of the water is just equal to the 
combined weights of the two gases. In this manner has tRe 
constitution of water been demonstrated bevond all doubt or 
controversy. 

287. Compound, or oxt-hydrogen blow-pipe. — Wlien the 
two gases, oxygen and hydrogen, are burned together, or, in 
c»ther terms, when th^ combustion of hydrogen is supported by 
jiure oxygen, a most intense heat is the result. This is done by 
means of the compound blow-pipe, an invention of Dr. Hare, of 
Philadelphia, about 1801. The apparatus of the inventor has 
imd»*rgone many modifications and improvements, the most re- 
c«»nt and complete being represented by Fig. 79. This consists 
i^f two nlieet copper barrels for holding the gases, the names of 
ejli'li being marked thereon. These are each formed of two 
cylinders, the one within the other, the usual size being from 
two to four feet high, Jind eight or twelve inches in diameter, 
and holding from 10 to 30 gallons. Tliese contain the water 

Ihmrib^ Ihr a|>|>aratiiB rcprfiM'nted by Fif;. 7S, and explain how tlie two ^muh are 
briMifhi tuffetlier, aiul how tullainnl I At thi; end of llie proctrsK. how In it aNC»-r- 
UuM-d wImI pro^ortuiu of eacli gan has bvcn coiif tuned, and how much water 
fi>rfiii-(l f Wtiaf iM Maid of (h>' iniiu-e heat of the rompouiid blowpipe 1 
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hy meanB of which the gases are secured, and the pressure ibr 
their combustion given by tho fall of the upper, and smaller 
cylinder. Within each of these, is still another cylinder ic^ 
holding the gases, closed at the bottom, except for the admissioD 
of the gas, and open by only a small orifice at the top. These 
cylinders, besides holding the 
gas, serve also to diminish the ne. r». 

quantity of vat«r required. 

288, The water b admitted 
around the inner cylinder, 
which plays loosely in the 
outer one, rising and falling 
as the gas is forced in or 
pressed out The posts on 
each side of the cylinders are 
hollow, and contain weights 
by which the upper compajl- 
ments are sustained, and in 
consequence of which they 
press on thegases only when 
required. The two spindles 
rising above the cross bar, 
aie continued down into the 
'inner cylinders, and by which 
they are kept steady as they 
rise and fall. Tlie tut)es of 
brass seen in front of each, 
enter the gasometers, being 
furnished at the top with 
screws, by which they are 

connected with the tubes which convey the gases, as each is 
generated, to its reservoir. The two tortuous pipes of India- 
rubber, proceeding from these tubes, with which they are cou- 
nected by stop-coclis, convey the two gases to the burning jet, 
, where their combustion is effected, and the phenomena of the 
compound blow-pipe exhibited. When additional pressure'!* 
required for the emission of the gases from their holders, this i» 
made by shpping on the spindles slit weights of cast iron, »a 
seen in the figure. Connected with this apparatus is s copper 
l;<ittle holding a pint or more, not seen in the drawing, and 
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which may be screwed to the upper stop-cock of the oxygen 
holder, and by means of which, with chlorate of potash, and the 
heat of a spirit lamp, the gas may be at once developed, and 
conveyed to its proper place. 

The stop-cocks seen at the bottom of each gasometer, are for 
the purpose of letting off the water, whenever this becomes 
necessary. The tip of the tube for the combustion of the gases 
is made of platina, this being a slow conductor of heat, and a 
highly infusible metal. 

289. Uses and effects of the blow-pipe. — ^When the 
dstems are filled with the gases, and every thing is ready for 
their combustion, the stop-cock of the hydrogen is turned, and 
the issuing gas set on fire. The oxygen is then admitted, when 
the flame will be diminished to a little jet of bluish light, which 
to the eye impears quite insignificant, and totally incapable of 
producing toe calorific effects attributed to this celebrated 
machine. But the student who had never witnessed its effects, 
will be astonished when he finds that a piece of steel or copper 
wire, held in this little flame, will bum with a fisusility equal to 
that of a cotton thread in the flame of a lamp, and with corns- 
eatioiis of light by which every object in the room will be illu- 
minaied. But a still more intense Hght is produced when a 
piece of tobacco-pipe is held in the flame, and from the effects 
of which all present will histantly cover their eyes. The most 
refractory substances, as platina and the metallic oxides, which 
have proved infusible by other means, are instantly melted, or 
dissipated into vapor, by this diminutive flame. 

290. Drummond uoht. — When the flame of the oxy-hydro- 
gen blow-pipe is directed on small masses of prepared lime, the 
most intense artificial light known is produced. This is known 
as the Drummond light, the name of the individual who first 
brought it into useful notice. It has been extensively used as a 
signal light in our country ; and may be seen, it is said, to a 
greater ^stance than any other signal during the night 

riOPERTIE8 OF WATER. 

291. It is unnecessary to describe the common properties 
of a fluid whicli is so universally known, that neither man nor 
animal can exist without it. The purest water, not having 
undergone distillation, is that which falls from the clouds. It 
in transparent, and without either taste or smell ; and being 

BjmlaiD whfti \m meant bj tbe Drummond Ufht. What !■ said of tha power and 
ateoi tifia tlftit 1 What watm* i^ pur«Mt without dMIllation 1 
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perfectly bland and neutral, it is to all animals, whose tastes 
have not been vitiated, the most agreeable of drinks. 

292. Weight of water. — The weight of water, as already 
shown, is the standard by which the weight or gravities of all 
solids and hquids are estimated. The weight of a cubic foot 
of pure water is 1000 avoirdupois ounces. A cubic inch of 
this fluid weighs, at the temperature of 60 degrees, 252.52 
grains, and consists of 28.00 grains of hydrogen, and 224.40 
grains of oxygen. By dividing 224.46 by 28.06, it may be 
seen how nearly these gases unite in the proportions of 1 and 
8 to form water. The weight of water, when compared with 
that of air, is as 828 to 1. The effect of temperature upon 
liquid water is distinguished by a peculiarity of a very striking 
kind, and exhibits a departure from the general laws of nature, 
for a purpose so obviously wise and beneficent, as to afford one 
of the strongest and most impressive of those endless proofe of 
design and omniscience in the frame of creation, which it is the 
most exalted pleasure of the chemist, no less than of the natu- 
ralist, to trace and admire. 

293. Water expands in freezing. — ^AU liquids, except 
water, contract in volume as they cool down to their points of 
congelation ; but the point of the greatest density in water is 
about 40 degrees, its freezing point being 32 degrees. As its 
temperature deviates from this point, either upward or down- 
ward, its density diminishes; or, in other words, its volume 
increases. This peculiar law is of much greater importance in 
the economy of nature than might at first be supposed. The 
cold air which rushes from the polar regions progressively 
abstracts the heat from the great natural basins of water, or 
lakes, till the whole mass is reduced to 40 degrees ; but at this 
point, by a wise Providence, the influence of the atmosphere no 
longer has this effect; for the superficial stratum, by further 
cooling, becomes specifically lighter, and instead of sinking to 
the bottom, as before, and displacing the warmer water, it now 
remains at the surface, becomes converted into a cake of ice, 
and thus preserves the water under it from the influence of fur- 
ther cold. 

If, Hke mercury, water continued to increase in density to its 
-■ m 

To what animals is water the most airreeablc of all drinks? What is the -weight 
of a oubic foot of pure water? What is the weight of a cubic inch of water ? How 
may it be proved that the weights of hydrogen and oxygen in water are in the pro- 
portions of 1 to 8? What is the weight \)f water when "compared to that of air? At 
what temperature is water at its greatest density ? When water is above or below 
the temperature of 40 degrees, how is its bulk affected 1 In what renpe^t to the 
expansion of water In freesslnf of great ponsequenr^ to man ? 



OASES ABSORBED BY WATER. l7l 

firecang point, the cold air would continue to rob the mass of 
water of its heat, until the whole sunk to 32 degrees, when it 
would immediately congeal into a sohd mass of ice to the bot- 
tom, and thus every Hving animal it contained would perish. 
In the northern or southern temperate zones, such masses of 
ice would never again be liquefied ; a striking proof of the 
beneficence and design of the Creator in forming water with 
such an exception to the orchnary laws of nature. 

294. Water contains air. — ^Water, in its natural state, 
always contains a quantity of air. This may be shown by 
placing it under the receiver of an air-pump, for as the air is 
removed from, the receiver, bubbles will be seen to rise fi-om the 
water. The air in water is found to contain a larger proportipn 
of oxygen than the common air of the atmosphere. The lives 
of all such fishes as live entirely under the water, depend on 
the quantity of oxygen it contains, for no animal can live and 
move where oxygen does not exist. 

OASES ABSORBED BY WATER. 

295. Although water contains a considerable quantity of air 
in its natural state, amounting, according to the experiments of 
Mr. Dalton, to 2 cubic inches to 100 inches of the fluid, it yet 
absorbs some of the artificial elastic fluids with great avidity, 
and a few of them in large quantities. Before exposure to the 
gases mentioned below, it was, however, deprived of all aeri- 
form matter, by long boiling. 

The table exhibits the quantity of each gas absorbed at the 
mean temperature and pressure of the atmosphere : 

100 ▼olumea of 
Qmm, wnter absorb Authoritj. 

Tulunies of 

Oxygen 3.7 Dalton. 

Chlorine 200 Gay Lussao. 

Hydrogen 1.56 Henry. 

Muriatic acid 50.000 Davy. 

Nitrogen 1.56 Henry. 

Nitrous oxide 100 Henry. 

Nitric oxide 5 Brande. 

Ammonia 67.000 Brande. 

Kul|.huric acid 3.000 Davy. 

Sulplmretod hydrogen 100 Dalton. 

( 'arUmic acid 100 Dalton. 

Carbureted hydropjen 12.5 Gay Lussao. 

If wtf^T. iikft miTCury, hud its <lennity increaM«l by rold to 32 (Wrers. what 
WfMi'd btr llir rdDriequdice on lar«f \nuheH of thin fluid 1 What in taid "f the bonefl- 
cruc* and di-iifii of form h iff water with thiH exception to th« ordinary lawB of 
iiftfurel How In k nhowM that water always coDtaiiM alr^ Ilow d<»e» Ilia air In 
w«r»-r fl'IT' r fr»»m common air ' 
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DEUTOXIDE OF HTDROOEN. 

Equivalent, 17. Symbol, HOj. 
2 eq. Oxygen, 16-1-1 eq. Hydrogen, 1. 

OXYGENATED WATER. 

• 

296. Water, in the scientific language of chemistry, is the 
protoxide of hydrogen ; being composed of hydrogen, with one 
proportion of oxygen. {See Nomenclature.) It was supposed 
that hydrogen was incapable of a further degree of oxygena- 
tion, until 1818, when Thenard, a French chemist, showed that 
by a certain intricate process, hydrogen could be made to com- 
bine with another dose of oxygen, and thus a new compound 
was formed, called deutoxide of hydrogen. 

This compound is fonned in precise accordance with the law 
of definite and multiple proportions, and consists of 2 propor- 
tions of oxygen and 1 of hydrogen, as stated at the head of this 
section. It is a highly curious and interesting compound. In 
some of its properties it exactly resembles water, being inodor- 
ous and colorless ; but in others, it is remarkably different. It 
is corrosive to the skin, which it turns white, and to the tongue 
it is sharp and biting, and leaves a peculiar metallic taste in the 
mouth. 

At the temperature of 58 degrees, it is decomposed, oxygen 
gas being evolved in abundance. It is therefore necessary, in 
the summer season, to keep it surrounded witli ice. It is also 
decomposed and turned into common water by nearly all the 
metals, and most rapidly by those which have the strongest 
attraction for oxygen. Some of the metallic oxides produce 
the same effect, without passing into a higher degree of oxida- 
tion, a fact which has not been satisfactorily explained. The 
metals, silver and platinum, in a state of fi.ne division, decom- 
pose this water, when thrown into it, with such energy as to 
produce explosions. The same effect is produced by the oxides 
of silver, gold, mercury, manganese, and several other metals 

NITROGEN. 

Equivalent, 14. Symbol, N. 
20 7. This gas was formerly called azote, which signifies life 

What is Ihe scientific name of water? What is the deutoxide of hydro(fea1 
W^hat are the properties of oxyjjenized water 1 How does this compound differ 
from common water ? At what temperature is this compound decomposed f Whj 
do the metals decompose this kind of water? and what do they absorb firom iti 
What was th« former name of nitrogen 1 What does azote ■ifnify ? 



destroyer, because no BDimal can live wfien confined in it But 
the siime epithet might be applied to several other gases, with 
equal propriety ; and therefore, being the basis of nitric acid, it 
is more properly called nitrogen. As the atmosphere is com- 
posed of four-fiflha of nitrogen, this gas may be obtained by 
placing a mixture of iron filings and sulphur, a little moistened, 
in a confined portion of air, as under a bell glass, over water. 
The mixture will absorb the oaygen from the wr, and leave tha 
uitrogcn nearly pure. 

2D8. By phobphords. — A more speedy method of obtwn- 
ing nitrogen is by the combustion of phosphorus in a close ves- 
sel. This is done as follows : In a dish of shallow water 
place a piece of wood, or cork. Fig. 80, and on this put a 
piece of phosphorus weighing ten 
grains or more, according to the no so. 

quantity of gas desired. Have 
ready a bell glass, and having 
touched the phosphorous with a 
hot iron, immediately invert the 
receiver oVer it into the water. 
A fuw bubbles of ur will escape, 
owing to the expansion of toe 
heat, aiWrt which, as tbe phos- 
phorus consumes, phosphoric acid 
will be formed by its union with 
the oxygen of the air within the 
vessel, which acid will be absorbed 
by the water, leaving the nitrogen 
nearly pure in the receiver. ^ 

It is destructive to animal life, and is a non-supporter of 

combustion. A lighted candle plunged into it, is instantly 

eiLtinguistied, and any animal soon dies when confined in it 

Vet it exerts no injurious influence on the lungs, the privation 

*uf oxygen being the solo cause of death. 

Its specific gravity is a little less than that of atmo^tpheric 
air, uitrogcn being 0.9722, air being 1000. One hundred 
i-iiliic inches weigh 20.7 grains. 

U'lieii combined with oxygen in cejtiun proportions, it forma 
ntlric nciiL Nitrogen cxisU in alt animal substances, and in 

WbT !■ ir iwiii ullril nllrocpii ) lluw mny nilrocn be nhrBlnnl? Kuw I* 
». ..hjin-l 1» nimni of InHi flllum v.d «ulpWl llunr Isnlirafcii ubiilii-rl by 
H.-1... ,a |ilii»|ili<'ru>I III wlur iruiiiitr Oun ullfifon .loirnv life I In llu^ oiKCifig 
(T,t If .a iillrMMi (rtutr, or Iriw llioii Ihu uf umcHplurIc ^r1 Willi whu lub- 
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Bucli plants as putrefy with an animal odor, as cabbage and 
mushrooms. 

COMBINATION, OF OXTOBN AND HYDROGEN. 

299. It has already been stated that when oxygen and hy- 
drogen are burned together, the product is water. We have 
also pointed out a method of making thia experiment, but the 
more simple and elegant plan of Prof. Mitscheriich, of Berlin, 
is the following : 

The exact proportions in which these gases combine to form 
water, are two of hydrogen and one of oxygen, and in ooose- 
quence of this combination, the volume is diminished 2000 
times, that is, the water takes up 2000 times less space than 
did the gases. 

In order to make this experiment with exactness, the gases 
must be quite pure. The oxygen, when obtained by means of 
borate of potash, is of sufficient purity; but the hydrogen, 
when evolved by means of zinc and acid, contains impurities, 
probably sulphurous acid gas, and must therefore be passed 
tiirough a solution of potash, in order to make it fit for^the 
experiment. 

300. Apparatus. — For the above purpose, the simple appa- 
ratus. Fig. 81, may be employed. Or a similar one may be 
readily constructed by nqieans of two wide mouthed vials, bent 
glass tubes, and corks. ' 

This apparatus consists of the larger bottle, having the cork 
pierced with two apertures for the admission of the two tubes, 
of which a is for the introduction of the sulphuric acid, and f, 
/, for the escape of the gas. The granulated zinc being first 
placed in the bottle, the acid is poured in by the widened tube 
at 6, when the gas thus produced, rises and passes the tube, /, 
into the second bottle, to the bottom of which the tube dips, 
through a solution of potash. The gas thus rising through 
this solution, passes through the tube leading to the gasomete^ 
in a purified state. The hydrogen thus purified is ready for 
use by means of the apparatus next to be described. This 
consists of a glass cistern, c, Fig. 82, for holding the mercury ; 
a graduated tube, a, for»the gases ; a support to keep this tube 
from falling ; and a charged Ley den jar, coated inside and out, 
together with a chain as a conductor. The tube is graduated 
by means of a small vessel, which is to be filled with mercury, 

In what Tegctables is this gas foand 1 



OXTOKK AKD BYDBOOXIT. 



175 



FIG. 81. 
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and poured into it. The quantity is to be definite, say a square 
inch, being the capacity of the cup, so that we know by the 
number of times the cup-full is poured in, how many square 
inches of bulk the tube contains. The tube being thus filled, 
is inverted in the mercury, as represented in the figure. Then 
allowing the oxygen to enter at the lower end of the tube, its 
quantity is exactly ascertained by the fell of the mercury, as 
indicated by the markings on the tube, each mark being equal 
to a square inch, or a cup full of the mercury. Having admit- 
ted the oxygen, the hydrogen must be allowed to enter in 
small quantities at a time, to prevent explosion. The manner 
of ignition by this apparatus is quite simple. The tubes, being 
pierced near the top, pieces of platina or iron wire are inserted, 
their points coming within stiiking distance, inside the tube. 
Then, having charged the \ial, hold the chain in contact with 
the foil on the outside, the other end of the same being fastened 
to one of the wires which enter the tube, as seen at b. Now 
touch the other wire, c, with the brass nob, connected with the 
inside of the charged jar, and it is plain that the electric fluid, 
in paRj«ing from the positive to the negative side of the jar 
must pa«« from the point of one of the wires to that of the 
other, within the tulx?, and thus the hydrogen is inflamed, its 
cr>ml>UHtion being supported by the oxygen. 

As tlic gases are consumed, the mercury will rise in tha 
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tube, showing exactly what number of cubic inches disappear, 
and also what quantity of water they form. 

If more than twice the quantity of hydrogen, than there is 
of the oxygen, is admitted, it will remain in the tube uncou- 
sumed, and so, on the contrary, if the oxygen is more than 
half the bulk of the hydrogen, it will rem^n pure oxygen. 



CHAPTER XV. 

THE ATMOSPHERE. 



301. Composition. — ^The air which we breathe is composed 
of 20 parts of oxygen, and 80 parts of nitrogen, to every hun- 
dred by volume. 

These proportions are found never to vary, except from local 
causes. Gay Lussac, in an aerial voyage, carried with him an 
exhausted bottle, closely corked, and when at the height of 
nearly 22,000 feet from the earth, he uncorked his bottle, and 
let in the air. It was then closely corked again, and brought 
to the earth. On examination, this air was found to contain 
precisely the same proportions of the two elements as that 
taken from the surface of the earth. Specimens of air have 
also been brought from Chimborazo, Mount Blanc, from the 
deserts of Africa, and from the midst of the oceans, and on 
analysis, they have all been found to contain the same propor- 
tions of the two gases. 

These proportions are found by experiment to form the most 
agreeable air for respiration, and to be best fitted for the sup- 
port of animal life. Animals confined in air, containing more 
than the ordinary proportion of oxygen, have their respiration 
hurried, and become feverish, by over excitement ; while those 
confined to air which contains a less proportion of that gas, 
become languid and faint, from the want of its stimulating 
eflfects. 

302. Contains carbonic acid. — Besides these two gases, 
the atmosphere contains variable, portions of carbonic acid gas, 

— t - 

• 

What is the composition of atmospheric air 1 What is said of the constancj of 
tliese proportions 1 From what parts of the world have specimens of air been aua- 
hsed, and found to contain the same proportions of the two gases 1 What is the 
e'tTrcl oi a jo'eater proportion of oxyj^eu than common air contains on the nninial 
system 7 What Is the effect of a less proportion on the system 1 Does the iUniot' 
pnere coutain other gases besides oxygen and Qitrogen 1 
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and aqneous vapor. The carbonrc acid seems alwa3rs to be 
present, since Saussure found it in the air of Mount Blanc, 
taken from the height of 16,000 feet above the level of the 
sea. Its proportion never exceeds one part in a 100, in freely 
circulating air; and it generally amounts to only 1,1000th or 
1,2000th part of the whole. The proportion of aqueous vapor 
is also exceedingly variable, but seldom exceeds 1 part in 100. 

The air of particular situations is also found to contain small 
quantities of carbureted hydrogen, or inflammable gas, and of 
ammonia ; but these are not constant 

303. The atmosphere a mixture. — It has been a question 
among chemists, whether the two gases composing the atmos- 
phere are simply in a state of mixture, or whether they exist in 
a state of chemical combination. Mixture has commonly been 
distinguished from combination, by the spontaneous separation 
of the ingredients of the former. But, although oxygen is 
specifically heavier than nitrogen, no such instance has been 
found to occur. 

Air, confined in a long tube standing vertically for many 
months, was found to contain the usual proportion of oxygen 
in its upper part The proportions of its constituents are also 
definite, like those of energetic combinations. By weight, 
there are two proportions of nitrogen, 28, with 1 of oxygen, 8. 
And by volume, 4 parts of the first, 80, to one of the latter, 20, 
in the 100, thus making the simple proportions of 4 to 1. 

It has, however, been found that other gases, of different 
specific gravities, mix with entire uniformity where it is known 
that no chemical union exists between them. Thus, if one 
vessel be filled with carbonic acid gas, and another with hydro- 
gen gas, the latter being placed over the former, with a tube 
cf>mmunicating between them, the two gases will mix with per- 
fect uniformity in a few hours. In this instance, a part of the 
carbonic acid, though 22 times as heavy as the hydrogen, is 
found to have ascended into the upper vessel, while a part of 
the liydrogen, though 22 times lighter than the acid gas, de- 
scends into the lower one. The cause of such an intimate 
mixture, under such circumstances, and without the influence 
of chemical attraction, has not been explained. But the fact is 

What other iFis !■ always found In the airl What iraAes are occasionally found, 
Ihpir pr*'a^Dce depending on local circumNtances 1 What reasons are there to be- 
lievp that air in a chemical compound i What Hinfrular fact is mentioned in ri-spect 
III the uiixlure of carbonic acid and hydro^fn through a lube ( What dueo this fact 
»hiiw with reaprct to the uniform mixture of the elements of the ainioHphcre wiib> 
out a cticmlcml uniuu 1 
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suffideBt to show, that the nniform nuEture of the constitnenta 
o[ the atmoephere may be accounted for, withoat a cbeioical 
union. The fatality, also, with which osygen is abstracted from 
the atmosphere, is against a chemical union. Thus, rain-watei 
conlaina a considerable portion of oxygeo, besides a portion of 
atmospheric air. But the attraction of water for oxygen is not 
supposed sufficient to overcome a chemical combination, and 
therefore did such a combination exist in the atmosphere, oxy- 
gen would not be found in water under such drcamstances. 

304, Elabticitt and wbioht of the atmospberb. — By 
elagticity, when applied to a fluid, is meant that it has the pro- 
perty of regaining its origioal volume after contpressioa. In 
proof of this, we have only to force down the piston of a 
syringe, or even pop-gun, when, hb every one knows, the ccmfioed 
air resists such force, and instantly spriogs back to its original 
volume when the pressure is removed. No matter how great 
the pressure may be, or how long continued, the air will in- 
stanUy assume its former state when the force ceasea. 

If the stop -cock at the bottom of the cyl' 
inder. Fig. 83, be closed, and then tiie pbton 
be drawn up, it will be found that considerable 
and' increasing force is necessary for this pur- 
pose, because the weight of tlie atmosphere 
from above resists the rise of the piston from 
the bottom of the cylinder. At the same time, 
the &a within the cylinder, by its elasticity, ex- 
pands and fills the space in the cylinder, which 
otherwise would be a vacuum, or void space. 

I( on the contrary, the cylinder is opened at 
the bottom, the piston can be drawn up with 
ease, because the air is then allowed to enter 
below it, and thus to balance the weight of the 
atmosphere from above. But if the aperture 
be closed when the piston is half way up the 
cylinder, and then the attempt be made to force 
the piston down, it will be found that the lur 
within will resist gainst all such attempts, and by its elasticity 
will drive the rod against the hand with a force proportionate 
to that with which it was driven downward, or the air com- 
pressed. 



Bkntieii^^ Air. 
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llnu, by T«ry iimple experiments, and with an apparatus 
wUcli almoet. any one can make for bimself, we may become 
convinced t^at tbe air has both weight tuid elasticity, two pro- 
perties of groat importance ; and uthough tested at the pre- 
sent day with eui^ esse, were still nnknown to ancient philoso- 
{•hen, having not been discovered until the 16th century, as 
will be shown as we proceed. 

305. Air-pump. — This, it is well known, is an instroment by 
means of which the air can be ezhaosted &om a close vessel. 
The principle of the air- 
pump will be understood ■'^- *■ 
by inspectiiig 'Fig. B4, in 
connection with tbe fol- 
lowing description. The 
figure is mwlified from 
Fawoe's, and consists of 
the metallic cylinder a, 
with its piston, and valve 
opening upward, 6 ; the 
cylinder valve, also open- 
ing upward, c, whidi is 
connected with a tube 
leading to the interior of 
the vessel to be exhaust- 
ed, called the receiver, d ; 
and the handle of the 
piston rod e, by which 
the piston is worked. Air-jmmp. 

Tlie aelion of so sim- 
ple a machine is readily understood. Sapposo the piston to be 
at the bottom of the cylinder, both valves, of course, being 
i-liMod. Now, on drawing it up, the valve 6 opening upward 
will remain dosed, and below it there vronld remain a void 
Kpiice, did not the valve e, open and admit the air through the 
tube from the reoeiver. This happens because the air in d ex- 
fiands by its elasticity, to fill the space left by the piston in thi; 
cylinder. Then, on the descent of the piston, the valve 6 will 
upT'ii, while c will close, and thus a portion of the air from tlio 
ret-eiver will escape as before. Thus, at every rise of the piston 
a cylinder full of air is removod, the space left being again filled 
by the expannion of that in the vessel d, until this becomes so 

OlTi ■dtBr![iIlanor(ha lii^iiiuap, Flf. St- 
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eihauBted an no longer to be c^ble of openiog the valves, 
when the operation must ceaae. It will be obeerved, thererore, 
that a perfect vacniim can not be effected by the air-pump, 
since there must always remain sii6ident resistance in the air 
within tiie receiver and cjliuder to open the valves, otherwise 
the machine will not act 

306. Thr Maodeuuro Hgwbpbbrbs. — The famous experi- 
ment made by Otto von Guericke, a magistrate of Magdeburg, 
who invented the air-pump, in 1652, conusted in forming a 
vacuum within a hollow ball made of two halvea, which then 
adhered together with such force as to require, it was said, at 
least, two horses to separate them. This was among the great- 
est scientific wonders of the age, since before that period, it 
does not appear that any one had ever conceived it posuble to 




Tkt Magdeburg SemnpAtrti 



exhaust a lessel of its air by pumpmg, or had imagii>ed its 
effects, if it could be done, u we suppose these hemispheres to 
to have been made of copper, or iron, the one ontering :he 
other an inch or two, wiOi a flange, and then both ground 
together with emery, it is quite easy to conceive that they 
might haie been made perfectly airtight, though completely 
exhausted of air The manner in nhidi a cc^umon snuff-box, 
without hmges, is put tt^ther, will illustrate the way in which 
these hemispheres are fitted to each other When filled with 
air, or under ordinary circumstances, they would not adhere so 
that one would lift the other, but when exhausted of air they 

Whil ii Hid of llw Hs|dtliur( htmwpliccul How wu> Ihtj braud ud put 



were pressed b^Uier with a force equal to 15 pounds to every 
tqiure inch of snriace. 

Tho Mt^eburg experiment, which seems to have formed an 
era in pnenmatio philosophy, has been meulioned in every 
treaUse on the air-pnmp. {rom the time it was performed to the 
present; As a curiosity for our young students, we have taken 
this occanoD, therefore, to illustrate the subject, with the horses 
attached to tlie hemispheres, in the manner it is stud to have 
been ori^nalljiper&rmed. 

If we conuder the hemispheres to have been equal to a 
square foot in extent, then the snriace of one side would be 
equal to 12x12, or 144 square inches. The pressure of the 
atmosphere, as above stated, is equal to 15 pounds to the 
■qnare inch, and therefore the whole pressure opposed to tho 
horses would have been 144x16=2160, or about one tun; a 
light draught, indeed, for a pair of horses, but sufficient to 
excite wonder at a time when tb^ force they had to overcome 
was not only onseen, but mysterious. 

307. Gbrhan Am-FUMF. — It will be seen that this instru- 
ment is qait« different in some of its parts from the common 




wr-pamp, or that usually described and employed m this coun- 
try. In some rcspei-ls it no doubt preseotn improvements on 

OiT* anm* kcduM nf ilir Oimun tirnuiiin, ud tipUo boK k illlbn fmn O— 
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the common form, and as its construction appears to be suflic- 
iently simple, and the book from which it is derived is not very 
common, it may jjerhaps become a source of improvement 
In the cylinder, a. Fig. 86, the piston, 6, must move perfectly 
air-tight, and the piston rod, c, must ftlso move without loss of 
air through its stuffing. In the piston, the valve s, opens 
easily upward, rising when the pressure from below is greater 
than from above. The rod, c, d, opens and shuts the valves of 
the cylinder, or rather its two conical ends fom» substitutes for 
the two valves in question. This rod passes through a side of 
the piston, and passing with friction, is raised to close the ori- 
fice, c?, in the upper part of the cylinder when the piston is ele- 
vated, and when the piston moves downward, rf, is opened, and 
the orifice e, leading to the bell glass v^ is closed. Thus, at 
every stroke of the piston a portion of air is let into the cylin- 
der from the receiver k, through the orifice <», and from the cyl- 
inder into the Open air through the aperture d. In the middle 
of a smooth table of brass called the plate p, opens the canal 
V, leading to the cylinder, and by means of which the receiver 
is exhausted by the action of the piston. The action being 
precisely hke that already explained, when treating of the prin- 
ciple of the air-pump, it will be unnecessary to repeat this part 
of the subject. 

At r, is a long, narrow bell glass, or wide tube, containing a 
short mercurial barometer, which being connected with 2ie 
canal from the cylinder to the receiver, will show at once, by 
turning the stop-cock with which it is provided, the amount of 
atmospheric pressure, or the degree of exhaustion which the 
receiver has suffered. 

308. Consumption of oxygen. — ^The oxygen of the atmo- 
sphere being the principle which supports life and ilame^ it is 
obvious that large quantities of this gas must be consumed 
every day, and therefore that its quantity must diminish, unless 
there exists some source from which it is replaced. The quan- 
tity consumed, however, must be exceedingly Tsmall, in a defi- 
nite period of time, when compared with tne whole ; for the 
atmosphere not only entirely surrounds the earth, but extends 
above it, at every point, about 45 miles. Now, when we con- 
sider how small a proportion of this immense ma.ss comes into 
contact with animals or fires at any one time, and that it is 
only these small portions that become vitiated, we may suppose 

What is said of tlie quantity of oxjften consumed by animals and flame, when 
eompared with the whole which eziAs In the atmoq[)here ? 
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that ages would elapse before any difference could be delected 
in the quantity of oxygen, even were there no means of replen- 
ishment provided. 

But the wisdom and design of Deity, which the study of 
nature every where detects, and which as constantly seems 
ordained for the benefit and comfort of man, has not left so 
important a principle as that of vital air to be consumed, with- 
out a source of regeneration. 

809. Vboktation the source of oxygen. — ^It appears 
irom experiments, that vegetation is the source from which the 
atmosphere is replenished with oxygen, and so far as is known, 
this is the only source. Growing plants, during the day, ab- 
sorb carbonic acid from the atmosphere, decompose the gas, 
emit the oxygen of which it is in part composed, and retain 
the carbon to increase their growth. {See Vegetation,) 

' We have seen, under the article Oxygen, that when wood or 
carbon is burned, that oxygen is thereby converted into carbonic 
add gas, and a greater or less proportion of this gas contained 
in the atmosphere may be attributed to this source. Here, 
then, we are able to trace another instance of the wonderful 
order and design of Omnipotence. The destruction of plants 
by burning, while the process absorbs the oxygen from the air, 
furnishes carbonic acid, which, in its turn, is decomposed by 
growing vegetables, the carbon being again converted into 
wood, while the oxygen goes to replenish the loss created by 
the burning, and to purify the atmosphere for the use of man. 

810. Light. — All the light which the sun sends to the earth 
is transmitted through the atmosphere, and as this becomes 
translucent by the presence of fogs or clouds, or perfectly trans- 
parent by the absence of all such impediments, so in proportion 
IS the liffht 4nd heat of the sun diminished or increased. Now 
nil have observed the difference between the heat and li«:ijlit of 
the sun at different seasons of the year, and even on different 
<lay8 of the week, but it is known to com])aratively few, that 
iluTe exists an instrument by which the different quantities, or 
rle«^tH>s of light can bo measured or indicated. This instrument 
v^ Li.*li«'H photometer, or " light measurer,^'* a figure and d?scrip- 
ti }\\ of which are aimcxed. 



Fnini what voiirce iiiihe atmoHphere repleniiihed with oxytrenl How do plnntH 
"trlAiii the oxyxi-ii which th«y rmit } Vl^heiice comrathe carbonic acul k***! wlrch 
|il«nfii ^^^c(^m\^u*>^' ? What in Mid of the wonderful order and evident devitrn of Prov- 
I'U-ncr. in DiMkiiif the deHlructioii of plAnla the means of repieuialiinf the air with 
viygeo 1 
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311. Photometer. — Leslie's fig. ST. 

portable photometer, Fig. 87, con- 
sists of two glass balls, one above 
the other, with a graduated tube 
between them. The upper ball, a, 
is of black glass, in consequence 
of which it absorbs the greatest 
(jiiantity of heat; the lower one, 
&, is made as diaphanous, or 
transparent as possible, so that it 
will transmit, as nearly as may be, 
all the light and heat which falls 
upon it. It will be observed that 
the degrees, in this instrument, are 
on the descending scale, the height 
of the alcohol, with which the tube 
is filled, being depressed by the 
expansion of the air in the upper 
ball. 

The theory of this instrument is 
founded on the principle that the 
intensity of the light is in exact 
proportion to that of the heat, the 
incident rays of which expand only 
the air in the black ball, while they 
both pavss through the diaphanous, 
or lower one, without obstruction, 
and consequently without effect, 
though both are equally exposed 

in the open air, to the light and heat of the sun. In England, 
Mr. Leshe found that the direct rays of the sun forced the 
liquid down to 90 or 100 degrees, on the hottest days of sum- 
Hier, while the warmest rays of winter at noon, onjy showed a 
(i'^pression of 25 degrees. The indirect light of the sky, as 
when the sun was obscured at noon in summer, is from 30 to 
40 degrees, and in winter from 10 to 15 degrees. 

Comparing the illuminating power of the sun with that of 
artificial light, it was estimated by Leslie that his light was 
equal to that of 12,000 wax candles. 

This curious instrument, as already stated, is easily con- 
structed, being exactly like the diflferential thermometer, only 

Give a description of Leslie's pholomefer. 
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that the tube is benl in a differont manner. It may be a foot 
liigb, and filled with stained alcohol. 

PROTOXIDE OF NITROGEN. 

Equivalent, 22. Symbol, NO. 
1 eq. Nitrogen, 14x1 eq. Oxygen, 8. 

NITROUS OXIDE. 

312. The best method of obtaining this gas is by fusing a salt 
called nitrate of amm<nf>icL This salt may be readily formed by 
mixing carbonate of ammonia with nitric acid, (aqua fortis,) 
diluted with four or five parts of water, and then evaporating 
the solution by a gentle heat. The ammonia should he added 
in small lumps until the efiervescence ceases ; and the evapora- 
tion continued until a drop of it, placed on glass, concretes. 

Having prepared the salt, the nitrous oxide, or exhikrating 
ffoSj may be procured from it, and its effects by respiration tried 
by the following simple means, when no better apparatus can 
be obtained. 

Prepare a Florence flask, as shown at Fig. 54, and into this 
put four or five ounces of Uie nitrate of ammonia. For a gas- 
holder, fit to a large stone-ware jug a cork pierced with two 
I4)ertures with a burning iron ; into one of the apertures pass a 
tube of glass, or tin, so that it shall reach nearly to the bottom 
when the oork is in its place, and stop the other orifice with a 
cork. 

For a pneumatic cistern, take a common wash-tub, and fit to 
it a strip of board passing through the middle, and about four 
inches from the top, so that when the tub is filled with water, 
the board will be covered. Through the board cut a hole to re- 
ceive the neck of the jug, so that it will stand inverted. 

Having preparied things in this manner, fill the jug with water, 
and invert it into tbe tub, also previously filled with water. 
Then bend the tube belonging to the flask, so that it will enter 
the mouth of the jug, while the flask itself stands on a ring of 
the lamp furnace, and apply a gentle heat. 

If no lamp furnace is at hand, the flask may be suspended by 
a wire or string, and heated by a common lamp, or a few coals. 

Wliar do thrae compound* llltiatrate 1 What is the sirnifieatioo of protoztrJe 1 
What oilier uame it there for protoxide of nitrogen? How isthisraa obtained? 
IlifW !• nitrate of ammonia formed 1 Having prepared the salt, in what manner ia 
fhe if js extracted from it f In what manner may a temporary ^as-holder and water 
bath b«i prepared 1 HaTinx prepared the gas- hold* r, or juc, and the water bath, or 
tub. how will you proceed to fill tht juf with ga^l How will you kuow when the 
j'-ij wluii offMl 
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The salt will soon melt and become fluid and transparent, when 
the gas will be extricated in abundance. When the jug is 
nearly full, which will appear by the sound of the bubbles, slip 
the hand under its mouth, and having set it upright, immedi- 
ateiy put the cork, with the tube through it, in its place. As 
the nitrous oxide sometimes contains a mixture of nitric oxide, 
or hinoxide of nitrogen^ which is dangerous to respire, but whieli 
is absorbed by water, it is safest, before the gas is respired, to 
lot it stand an hour or two, with the water remaining in the jug. 

To respire the gas, prepare a bladder, or oiled silk bag, by 
attaching to it a tube which fits closely to the second aperture 
in the large cork, and having squeezed all the air out of the 
bladder, or bag, remove the small cork, and pass in the tube. 

Next pour such a quantity of water into the jug, through the 
long tube, as it is desired to obtain gas in the bag. Now, the 
gas can not escape through the long tube, because its lower end 
is in the water, nor can it escape through the mouth of the jug, 
this being closed by the cork ; it therefore passes into the bag. 
When this is full, withdraw the tube from the jug, and haung 
expired, or thrown the air from the lungs, close the nose wi£ 
one hand, and with the other apply the tube to the lips and 
breathe the gas from the bag into the lungs, and from the lungs 
to the bag. Sir H. Davy respired 12 quarts, but the medium 
dose is from 4 to 8 quarts for an adult. 

313. ExniLERATiNQ EFFECTS. — Ou somc pcrsous this gas 
has a highly exhilerating or intoxicating effect, and produces 
tlie most agreeable sensations, often attended by momentar}' 
mental hallucinations and corresponding actions. On others, 
it produces mental depressions, and melancholy forebodings. 
Its action commonly continues only for a few moments, and its 
effects seldom or never produce a state of languor, or debility, 
which might be expected to follow such a degree of excitement. 

314. Composition. — The composition of the protoxide of 
nitrogen by volume, is nitrogen 100, and oxygen 60. 100 
cubic inches of this gas weighs 46.5 grains, and its specific 
gravity is, therefore, 1.5, air being 1. It is transparent, and 
odorless, has a sweetish taste, and an agreeable aromatic smell. 
It is a supporter of combustion, and many substances burn in it 

What gas is sometimes mixed with the nitrous oxide 1 Why is it safest lo let the 
f^as Ktand over water awhile before it is breathed 7 After having prepared a bladder, 
or (ras bag, how is this filled with th» gas from the jug 1 How is the gas rewpirHl < 
What is the medium dose for an adult ? What effect is the respiration of this eai^^mid 
to produce on the human feelings 1 What is ihe composition of the nitrous oxide 1 
What is its specific gravity 1 Does this gas support combustion 1 
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with far greater energy than in atmospheric air. The burning 
body absorbs the oxygen from the nitrous oxide, and thus the 
mtrogen remains in the vessel. 

BINOXIDE OF NITROGEN. 

Eqaivalent, 30. Symbol, NO^. 
1 eq. Nitrogen, 14+2 eq. Oxygen, 16. 

NrnilC OZJDB. NITROUS GA8. 

815. Binoxide of nitrogen, as expressed above, and as its 
name signifies, contains two proportions of oxygen to one of 
nitrogen. It was formerly called nitric oxide, and nitrous gas, 
but aifalysis having shown ^ composition, its name is fixed in 
accordance. This gas is formed by the action of nitric acid on 
copper. Having introduced some copper turnings, or filings, 
into a retort, pour on them a quantity of strong nitric acid, or 
aqua fortia. A violent eflfervescence will ensue, and the gas will 
escape in abundance. At first it will appear of a deep red color, 
which is owing to the presence of atmospheric air in the retort ; 
but on passing it through water the red fumes are absorbed, 
and the nitrous gas remains pure and colorless. 

316. Chemical changes. — To understand the chemical 
changes by which this gas is formed, it is necessary to state that 
nitric add is composed of 40 parts of oxygen and 14 parts of 
nitrogen, and that this acid is decomposed by the process. A 
jiart of the oxygen of the acid unites with the copper, and forms 
an oxide of the metal, while another part of the oxygen con- 
tinues in union with the nitrogen, forming a binoxide of nitro- 
gen, which, as already seen, contains only 16 parts -of oxygen. 
The gaseous form of the binoxide^is owing to the absorption of 
a quantity of caloric at the instant of its formation. The evolu- 
tion of this gas is therefore owing to the abstraction of a part of 
the oxygen from nitric acid, by the copper. Other metals, and 
particularly quicksilver, will produce the same eflfect. 

Nitrous gas, when pure, is sparingly absorbed by water. It 
irt a little heavier than atmospheric air, 100 cubic inches weigh- 
in;; 31.7 grains, while the same quantity of air weighs 30.5 
grains. It can not bo respired, even in small quantity, without 

What (Juct biiioziik* tiff iiifyl What is the composition, and what the c(iuivnlent 
i.umht r» for binoxide o^ nilroicfii ? What waH the former name of thiH ^aKl How 
la ii.trir oiifir obtuuifd t Why do the tirnt portions of this iras appear red 1 Wliat 
»re thf rhfniiral cUniigfn by whirh tliis k:is is formed? What causes the fraNcous 
Ifirnt of Una ftcid I To wtiol is iho evolution of this gas owing 1 What is tlie weight 
ol ih'S gait T 
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a sense of suffocation, and yiolent coughing. It instantly extin- 
guishes the flame of most substances, when plunged into it ; but 
if charcoal, or phosphorus, in a state of vivid combustion, be 
immersed in it, its oxygen is absorbed, and they bum with 
increased energy. 

When mixed with atmospheric air, red fumes are generated, 
as already noticed. This is owing to the union of the oxygen 
of the atmosphere with the nitrous gas. When pure oxygen is 
added to a portion of this gas, the red becomes still deeper, and 
there is formed nitrous acid, which is entirely absorbed by water. 
Thus these two gases, nitrous gas and oxygen, are a delicate test 
for each other, the smallest quantity of the one being detected 
by introducing a quantity of the oj^er. 

317. EuDioMETRY. — From the property of the nitrous gas 
above stated, it has been employed in Eudwmetry^ that is, to 
ascertain the purity of the atmosphere, or the quantity c^ oxygen 
it contains. 

The method by which this is done, is to confine a certain po^ 
tion of air in a graduated tube, and then to introduce into the 
tube a sufficient quantity of the gas to unite with all the oxygen 
it contains. Then, as the compound formed between the oxy- 
gen and the nitrous gas is entirely absorbed by water, it is 
readily seen by the graduated tube what proportion of air ha& 
disappeared, after agitating the mixture with water, and conse- 
quently how much oxygen it contained. 

318. Composition. — The composition of binoxide of nitrogen 
has been accurately ascertained by burning charcoal in it, which 
absorbs all the oxygen, amounting to exactly one-half the 
volume of the whole, and leaves the nitrogen, which amounts 
to the other half By this analysis it is found, that 100 parts 
of this gas lose 50 parts of oxygen, and that 50 parts of nitrogen 
remain. 

50 cubic inches of oxygen weigh 16.8 grains. 
50 cubic inches of nitrogen weigh 14.9 grains. 

The 100 parts, therefore, weigh 31.7 grains. 
The equivalent composition, therefore, 

is 1 atom, or equivalent of nitrogen, 14 
2 " " oxygen, 16 

. 30 



What are its effects on respiration and flame 1 What acid is formed when tliif 
Kas combines with an additional portion of ozjgen f^as 1 
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nULOXIDB OF NITROGBN. 

Equivalent, 46. Symbol, NO4. 
l,eq. Nitrogen, 14+4 eq. Oxygen, 32. 

NITBOUS ACID. 

Tho next compound of nitrogen and oxygen which we shall 
notice is nitrons acid. 

319. How OBTAINED. — This acid is formed by adding oxy- 
gen to the compound last described, in consequence of which 
the nitrogen of that compound combines with another portion 
of oxygen equal to that which it before contained. The deut- 
oxide contained 2 proportionals of oxygen, 16. The nitrous 
acid contains 4 proportionals of oxygen, 32. Between these, 
there is a hypothetical compound, containing 3 proportions of 
oxygen, but which has not been obtained in a free state. This 
is called hyponitrous add, and by some subnitrous acid, because 
it contains less oxygen than nitrous acid. 

Nitrous acid may also be obtained by the distillation of 
nitrate of lead, in a retort {See titrate of Lead,) During 
the distillation, the receiver should be kept cold, by surrounding 
it with ice. 

By either of tiiese methods, there is obtained a vapor, or gas, 
of a deep orange red color, which is the nitric acid in a gaseous 
state. To obtain it pure, it is, however, necessary that the re- 
ceiver should be tet exhausted by the air-pump, because the 
gas is instantly absorbed by water, and a mercurial bath can not 
be employed, because the gas acts upon that metal. 

By volume this acid is composed of, 

Nitrogen, 100 By weight. Nitrogen, 14 . 

Oxygen, 200 *' '* Oxygen, 32 

300 46 

Nitrous acid, in its fuming state, is totally irrespirable ; but 
KiijiI)ortA the combustion of phosphorus, or charcoal, when these 
arc introduced into it in a state of combustion. 



By wliat fluid \» this fu absorbed 1 In wliat manner is the nitrous gas employed 
to a>ccrtAln the quantity of oxygen In the atmosphere 1 In what manner has thfl 
riim|MMiiiou of this iput b«'«;u ascertained 1 Wtiat is the composition of ihia gnsi 
What iH itH f-(|uiTalent number 7 What are tlie equivalent numbem of its elements* 
wlul itre rh<- procefsf s by wliich nitrious acid may be obtained 7 What \h ttie coai- 
p"»>ii<iiiofthih aciti I In what does tills acid occur, an(i witat is its color 1 IfowisthH* 
M- it utjtAiu* tl ill ill* pure htate J Why can not a mercurial or water bath b" '•'"P'''/f? 
lu ciMiliiic Ibis idM I What are the definite proportions of the elements of tliis acid of 
TMiumc and weight 7 Does this gas support combustion, or animal life 7 
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Water absorbs this gas in large quantities, and acquira 
thereby, fii-st a green, and afterwards a blue tint If still more 
be added, it becomes yellow, or colorless, and fonns a solutioQ 
of nitrous acid in water. 

NITRIC ACID. 

Equivaleiit, 54. Symbol, NO5. 
1 eq. Nitrogen, 14+5 eq. Oxygen 40. 

AQUA F0&TI8. 

320. If a mixture of oxygen and nitrogen be confined in a 
glass tube containing a httle water, and powerful electrical 
shocks be passed through this mixture, the water, after a con- 
tinued succession of such shocks, will possess acid properties. 
By this process, the two gases are made to combine and form 
nitric acid, which is absorbed by the water. 

This experiment is designed merely to prove that the acid in 
question is formed of oxygen and nitrogen. 

321. How OBTAINED. — The usual mode of forming this add 
is, by the distillation of the nitrate of potash, more conmionly 
called nitrey or salt-petre, with sulphuric acid. The proportions 
are four parts of nitre, in coarse powder, with three partis of the 
acid by weight. The receiver must be large, and kept cold, 
otherwise much of the acid will escape before it is condensed. 
The strongest acid is formed when no water is placed in the re- 
ceiver, that already combined with the sulphuric acid being 
sufficient to condense the nitric acid vapor as it is formed. 

The strongest nitric acid is without color, and has a specific 
gravity of 1.5, that is, this acid is by one-half heavier than 
water. In this state it contains 25 per cent of water. 

The dry nitric acid, which is formed by the condensation of 
its constituent gases, contains no water, and is composed, as 
stated at the head of this section, of 1 proportion of nitrogen, 
14, and 5 proportions of oxygen, 40. The combining number 
of the dry acid is, therefore, 54. 

322. Composition. — The acid obtained by distillation con- 

What is said of its absorption by water and the colors produced thereby 1 What is 
the cumposition of nitric acid, and what its combiuiiig number? What eiperimeiit 
{ihowti that this acid is formed of nitrogen and oxygen 1 What is the unial mode of 
obt.tiniii^ this acid 7 In what manner is the strongest nitric acid formed f Whence 
conifS the water to abM)rb the acid vapor when none is placed in the receiver? 
What is tlie specific gravity of tlie strongest acid ? What proportion of water dues 
it contain 1 liow is tlie (iry nitre acid formed ? Does the acid obtained by disttli*- 
t'on contain th« same elements as th« dry ? What are the constitoenU of Uqnid 
nitric Hcid ? 
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tains the same elements as the dry acid, and in the same pro- 
portions, but with the addition of two proportions of water. 
Now, the combining proportion of water being 9, that is, oxy- 
gen, 8, and hydrogen, 1, it is eiasy, by the above data, to find 
the combining or equivalent number for liquid nitric acid. It 
may be stated thus : 

1 eq. of Nitrogen, 14 
5 eq. of Oxygen, 40 

64 dry add. 

2 eq. of water, . 18 

72 liquid acid. 

The acid in this state is called hydro nitric acid, from a Oreek 
word signifying water, to denote its combination witli that fluid. 
Wben this acid combines with other substances it abandons the 
water, which, therefore, is not reckoned in its equivalent num- 
ber. In this state it is called anhydrous nitric acid, denoting 
that it contains no water. 

Nitric acid is an exceedingly acrid and corrosive substance. 
It stains the skin and nails of a permanent yellow, and is an 
active poison when swallowed. 

It parts with its oxygen with great facility, and hence is de- 
composed by nearly every combustible body. It combines with 
rooKt of the metals, and decomposes all vegetable and animal 
substances. 

323. Experiments. — ^As a proof of the slight degree of force 
with which this acid retains its oxygen, take some warm, dry, 
and finely-powdered charcoal, and pour on it a few drams of 
strong nitric acid. The charcoal will be ignited, with the emis- 
rion of immense volumes of red fumes. By this process the 
add » decomposed, and parts with 2 or 3 portions of its oxy- 
gen to the charcoal, in consequence of which it is converted into 
nitrous acid, and dcutoxide of nitrogen, which pass off in the 
form of red fumes. 

If an ounce of the spirit of turpentine be placed in a cup, and 
on it there be poured, suddenly, about half an ounce of this acid, 

Whal in the chemical namft for the liquid nitric acid 1 When this acid combiiiiNi 
«ilti othrf mitMlniiccii, what brronieM uf iIm wattr 7 Wliat Im the chpniical name vr" 
Iheilr/ meu\ I What arn the uroptrties of nitric acid ? How Is it ahowii that t 
arid holclv ita ozvjctii with a iilii;hr force ? What cflTtct doealhe action of the char' 
luTr uo lhi« •rui t. Wtiat are the r<d fumra which paiw oflTdurinff thin (^xperim| 
llow wnmf iqiiirU of turpvnciiie be iodamcKl bj thin acid 7 Why are the comoaw 
ttf eq lire hj Ihie acid 7 
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the turpentine will be inflamed with an explosion, Bendiag forth 
a great quantity of black smoke, and often throwing the acid 
and fire to a considerable distance. 

In both these cases, the acid parts with its oxygen with so 
much freedom, and the combustibles absorb it with such avidity, 
as to set them on fire. 

In making the latter experiment, the viol containing the acid 
should be tied to a long stick, otherwise the operator will be in 
danger from the explosion. 

Nitric acid forms a great number and variety of salts, when 
combined with the different metals, earths, and -alkalies. Most 
of these salts scintillate when thrown on burning charcoal. Thi^ 
is in consequence of the oxygen which the salt emits, when ex- 
posed to heat, and by which the combustion of the charcoal is 
rendered more vivid. This scintillation is a sure pro(^ that the 
salt is a nitrate. 

All the nitrates are soluble in water, and many of them fur- 
nish oxygen gas, of more or less purity, when heated in a retort. 

NITROGEN AND HYDROGEN. ^ 

AMMONIA. 

Equivalent, 17. Symbol, NH3. 
1 eq. Nitrogen, 14+3 eq. Hydrogen, 3. 

HARTSHORN. 

324. There is a substance well known to artists and others, 
by the name of sal-ammoniac. In chemistry its name is 
muriate ofammxmia, K some of this substance be pulverized 
by itself, and then mixed with an equal portion of unslaked 
quicklime, also in powder, and then introduced into a retort, 
upon the applidation of a gentle heat, there will arise an ex- 
tremely pungent gas, which is ammonia. 

Water absorbs this gas with great avidity, and in large quan- 
tities, and consequently it can not be collected like most other 
gases, by means of the water bath. 

In the absence of a mercurial bath, therefore, its properties 
can be examined by receiving it in a bladder attached to the 
retort, or by means of a tall bell glass, and the apparatus de- 
scribed at Fig. 61. This gas is transparent and colorless. In 

What is said of the salts formed by the combinations of nitric acid 1 Why do the 
salts of this acid scintillate when thrown on burning charcoal ? What is s^id of the 
solubility of the nitrates 1 How is ammonia obtained 1 Why can not this gas be col- 
lected under water ? How may its properties be examined without a mercuriaJ 
bath ? What are the most obvious properties of ammonia 7 
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ilB pure state it can not be respired. An animal can not lire 
in it. and it extinguishes the flame of burning bodies. 
This gas is composed of 

1 equivalent, or atom of nitrogen, 14 
3 **. " hydrogen, 3 

Its combining weight is, therefore, 17 

It is much lighter than atmospheric air, 100 cubic inches 
weighing only 18 grains. 

When this gas is absorbed by water, which will take^ up more 
than 500 times its own bulk of it, there is formed the well 
known pungent liquid called spirit of sal ammoniac, or spirit 
t^kartshomy and by the apothecaries, liquid ammonia. 

When ammoniacal gas is submitted to the pressure of 6 or 7 
atmospheres, equal in the whole to about 100 or 120 pounds to 
the square inch, it is condensed into a clear colorless liquid, but 
when the pressure is removed, it again expands, and assumes 
its former gaseous state. 

Ammonia is called the volatile alkali, by which it is distin- 
guished from the fixed alkalies, soda and potash. It possesses, 
fully, all the properties of an alkali, having an acrid taste, a 
btrong affinity for water, and being capable of neutralizing the 
corrosive qualities of the acids. 

The article used in smelling bottles, and called volatile salts^ 
and salts of hartshorn^ is a carbonate of ammonia. 

The salts of ammonia, and particularly the muriate and car- 
lK>nate, are articles of considerable importance in commerce, in 
tlie arts, and in medicine. 

325. Preparation of ammonia. — ^In a state of purity am- 
monia is a gas, of which the well known liquor or aqua ammo- 
nia is a solution in water. This solution, as above stated, is 
preimriHl by mixing intimately sal ammoniac, (hydrochlorate of 
ammonia,) with an equal weight of slaked lime, introducing the 
iiiixturu into a glass ilahk, or retort, which Graham directs, after- 
vi'ard to l>e filled with slaked lime, and then distilling with the 
ililfusod heat of a sand bath. If recourse be had to the flame 
of :i lamp, the heat may conveniently be (JiAused by placing it 
within a cylinder of Khc*et iron, a foot high, as represented at a, 

Wlut !■ tliecnmiKiailiun of Bininonia, ^iid what in ill cquiyaleiit number 1 What 
n th«- weiiriK of IfHl riib.c iiic)i«^ of thin irtui ) flow Is liquid nmmonia formed 1 
Wlut qiiaiitilv of ihiN eav will water utM«irb ? What la aaid of Ihe c<itideiiflatinn of 
Maawihia iiilii a lii|uid I What ia the article called volatile aalisl What la aaid of 
the alk»lin» pnificrtirfi of ammonia 1 

17 



F5g. 88, with a perforated atage, 6, OOT«red with fimgrnents rf 
brwk, or of ama]! pieces of granite, for the difituion of tbe he»t 
On these tbe flasV, e, is placed, coataimng the above named 
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materialB. On application of heat, tbe amraoniaoa] gsa comet 
over, and is condensed in the bottle d, cont^Ding water. Ch]o^ 
Ida of caldum, or muriate of lime, and the excess of lime, will 
remain in the retort. 



Sqidvalent, fl. Bymbd, C. 

826. Nature fumiehes carbon in ita purest state in the ftHin 
of that precious gem, tbe dtamottd. 

That the diamond is nothing but pure carbon, is proved by 
direct analysis. If in a glass vessel containing oxygen gas, a 
piece of diamond be placed, and then exposed to the intense h«at 
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of a lai^ double convex lens, or burning glass, the diamond 
entirely disappears, and there remains in the vessel carbonic acid, 
instead of oxygen. Thus tlie diamobd, like other combustibles, 
forms carbonic acid by being burned, or by uniting with oxygen. 
When charcoal, or carbon from wood, is burned in pure oxygen 
gas, exactly the same result is produced, the charcoal entirely 
disappears, and the oxygen is converted into carbonic acid. 

Charcoal may be obtained for experiments, by burying wood 
under sand, in a crucible, and exposing it to an intense heat for 
an hour or two. By this process, the water and other ingre- 
dients of which wood is composed are driven oE, and the carbon 
remains. 

32*7. Both diamond and charcoal sustain the most intense 
degrees of heat, without change, provided oxygen is entirely 
excluded from them. Charcoal, when newly prepared, pos- 
sesses the property of absorbing large quantities of air, or other 
gases, at common temperatures, and of yielding the greater part 
of them again when heated. There is, however, a great differ- 
ence in respect to the quantity absorbed, depending on the kind 
of gas with which the experiment is made. Ammoniacal gas 
is taken up in the largest quantity, this being 90 times the bulk 
of the charcoal. Muriatic acid gas is absorbed in the proportion 
of 85 times tlie bulk of the charcoal. Other gases are absorbed 
only in small proportions, nitrogen being only 7^- times, and 
hydrogen 1.75 times the bulk of the charcoal. The greatest 
absorption takes place in charcoal made from the most compact 
kinds of wood, and the amount is much diminished when the 
charcoal is reduced to powder. Charcoal, recently prepared, 
lias the property of resisting putrefaction in animal substances, 
and of rendering such substances sweet, after they are tainted. 
The most offensive stagnant water loses its odor and becomes 
IKjrft'Ctly sweet by being, filtered through powdered charcoal. 

It also destroys the color of many substances. Vinegar lases 
iU color, and becomes transparent like water, by being boiled 
with charcoal ; and red wines, or colored brandy, are bleached 
l»y pai^sing through it The best charcoal for those purposes is 
j>rt-pared by calcining animal substances in close vessels. 

Iluw may cliarcoal be obtained from wood in a pure state 7 What peculiar pro* 
perty di>Mi nrwlv prrpnrtd charcoal powirMi What difference is there in respect to 
the quAiitiiy of tliv diAi-reiit f(ntu-u abnorbed by charcoal / What gatics are absorbed 
ifllhf•){r^Htl•Kt, and what in Ihi* least quantity 1 What effi-ct does newly prepared 
eliarroal h.ive on puirifying animal bUbManctrs } What elTcct does charcoal huve on 
llie color of particuliir HubstanCfrH { What kind of charcoal is bmt for the above our- 
piNira I Ih cliarrual a simple, or a compound bady 1 
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In the present state of knowledge, i^arooal ia a simple anb- 
Btance, having resisted all attempts to decompose, or separate it 
into other elements. Its atomic weight or combining number 
is 6, this being the proportion ia which it is found to unite with 
osygen, to form carbonic acid ; and in no instance haa it been 
detected in a less proportion in combination. 

328, Hancfactuhb Of OHARCOAL. — We are curioos to 
know how and where articles of luxury and ornament are manu- 
fiv:tured, and yet express no desire to be informed, and indeed 
remain ignorant all our lives, in what manner many articles of 
daily use, and of indispensable necessity, are produced. Among 
the latter articles is charcoal, concerning the manufacture of 
which very few, except those who do the work, have any, except 
a general notion, how it is done. Most people know that cbai^ 
coal is the product of wood, charred or burned in the country, 
but how this is done, the consumers are generally quite ignorant. 
Now the production of charcoal, being a process by which tlie 
water, pyroligneous, and carbonic acids, hydrogen and other 
volatile products, are expelled from the wood, ma,y properly be 
considered as a chemicikl maou&clure, and as such is here de- 
scribed, with appropriate illustrations. 

329. In the £rst place the wood is cut into lengths of four 
feet, and the logs split, so as to reduce them into pieces of from 
two to three, or perhaps four inches in diameter, the limbs of 
about the same thickness remaining round, but well trinuned, 
BO as to pack closely with the split logs. In some cases, shrub 




wood, as alder and white bird), are employed, the whole mass 
to be burned consisting of small wood, of only an incli or' two in 
thickness. _ The wood being prepared, the eoat-pit ia constructed 



CARBON. 197 

by settiiig it on end, around a kind of chimney made by laying 
short pieces across each other, like a quail trap, this forming the 
C'-»nter of the whole mass, which is from ten to fifteen feet in 
diameter, and of a round form, with oblique sides, the whole 
forming a truncated pyramid. The height is from ten to twelve 
feet, consisting of two lengths of the wood, set on each other, on 
the t^p of which are placed several layers of the same, radiating 
frtjm the center to the circumference. The mass thus formed 
is represented by Fig. 89, which shows the form and appearance 
of the structure, before it is covered. The wood being thus pre- 
pared, is next covered with sod, or turf, to the thickness of sev- 
eral inches, small holes being left at the bottom for the admis- 
sion of the air to the center or chimney, where the fire is kindled. 
These apertures for the admission of the air are left all around 
the base, until the fire in the middle is well kindled, when they 
are stopped with turfc The coal-pit, thus prepared for the fire, 
is n^presented by Fig. 90. 

330. The fire is kindled at the bottom of the chimney or 
canal, constructed for this purpose in the center of the pit, as 
above described. Into this is dropped dry wood and fire, from 
the top, until by means of the air comipg through the apertures 
left at the bottom for this purpose, tne central portion of the 
m:iss is well on fire. The chimney, as well as the apertures, 
are then partially or entirely closed, the quantity of air ad- 
mitted depending on the state of the fire, or the rapidity of its 
]»rogress. The burning of a coal-pit requires constant vigilance, 
and for tliis purpose it is the common practice to erect in its 
vicinity a little hut of boards or brush, in which the men sleep 
and watch by turns, until the burning is finished, which re- 
quires from three or four days, to a week or more. During 
moHt of this time the attention of one man, at least, is required, 
in order, by the constant addition of new turf, to prevent the fire 
from consuming, instead of charring the wood. 

It is stated that when the process is well conducted, that dry 
wood give's about scven-tentlis of its weight of charcoal. Gener- 
ally, says the Prussian chemist, Mitscherlich, wo may reckon on 
01 to ($5 parts of charcoal from 100 parts of wood, or by 
Weight, 24 j>arts of coal to the 100 parts of wood. 

in tiii.s country wood is ho abundant, that no exact expcri- 
nii'nts have Ihmmi ni:ul«^ to t<i.st the rtilative proportions l>i3tween 
its weiirht and the charcoal produced, the burners merely wilcu- 
latiu":; that a pile 30 paces around, will produce 1000 bushel* 
of coal. 

11* 
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CARBON AND OXYGEN. 
CARBONIC ACID. 

Equivalent, 22. Symbol, COj. 
1 eq. Carbon, 6+2 eq. Oxygen, 16. 

FIXED AIR. 

831. It has just been stated, that when diamond or charcoal 
is burned in oxygen, the latter is changed into carbonic acid. 
By this process the volume of oxygen is not changed, but its 
woight is increased by exactly the amount of the diamond, 
or charcoal, consumed. Carbonic acid, therefore, consists of 
oxygen, with a quantity of charcoal dissolved in, or combined 
with it. 

This acid can, however, be obtained by a much cheaper, and 
more direct method, than by the combustion of diamond, or 
even of charcoal, in oxygen gas. 

Carbonic acid exists in a fixed state, in vast abundance, as a 
part of the composition of limestone or marble. This chemical 
compound, so abundant in nature as to form immense moun- 
tains, is composed of 22 j)arts of carbonic acid, and 28 of lime. 

332. Preparation of carbonic acid. — Carbonic acid may, 
therefore, be obtained most readily, by exposing carbonate of 
lime to the action of some acid which has a stronger affinity to 
the lime than the acid has with which it is naturally combined, 
and thus by forming a new compound between the lime and the 
stronger acid, the carbonic acid will be set at liberty. 

This gas may be developed and purified by the follow- 
ing process. It is so heavy, compared with the atmosphere, 
that it will displace the air in a bottle, and take its place, run- 
ning, by decantation, fi'om one vessel to another, like water. 

The apparatus. Fig. 91, consists of the glass jar, a, into which 
small pieces of carbonate of lime, or common limestone, are 
put, and the gas set free by pouring in dilute sulphuric acid, 
when the carbonic air will pass over into the jar, 6, containing 
water, and by which any impurities in the form of vapor will bo 
condensed. The gas will then pass through the U shaped 
tube, c, which contains fragments of chloride of calcium, (muri- 
ate of lime,) a compound having a strong attraction for moisture, 

When diamond, or charcoal, is burned in a confined portion of oxygen gas, what 
effect does the combustion have on the volume and weight of the gas ? In what 
natural compound ta carbonic acid contained in great abundance 1 What proportion 
of carbonic acid does marble contain 1 What are the chemical principles on whidi 
carbonic acid maj be obtained from limestone, or marble 1 



■i tHoA will abeorb an^ aqueous matter the carbonic acid 
■^ contain. Laatl;, the gaa passes into the tall bottle, d, in a 
pnGed state, where it will remain a considerable time withont 
■ toA, in virtne of its great weight. 




Prtparatlm ^ Carbonic Acid. 



333, Action. — Tho chemical changes during thia proeees il 
toBtntte the law of simple affinity, formerly explained, viz., that 
one subatance may have an attraction for several others, but with 
different degrees of force. Thus lime has an affinity for carbonic 
acid, with which it combines and forma carbonate of lime. But 
Bnlphuric acid having a Btill stronger attraction for the lime, 
when this is added, the c3rlK)Dalo is decomj)osed, the sulphuric 
acid and lime unite and form sulphate of lime, while the car- 
bonic add being thiv rejected, escapes in the form of gas. 

334. PnopEKTiBB OF CARBONIC AoiD. — This gas is inodor- 
ous, colorless, and elastic. It extinguishes burning subetancei 
of all kinds, and Is so poisonous tliat a small quantity of it mixed 
with atmospheric mr destroys animal life. 

It is this gas which destroys the lives of many persons every 
K'iiit«r, in consequence of warming close rooms with open vessels 

Kinbin V't- 91. (nil deicrlbt (h* fimcen of oMiilnlni urbnnic uld n* A™> 
■Wli1> 1 KiiilalH how ihl>i<r«ni llluxrmir* Ihe liw uniinuli t^OiaUy. Whu nrw 
•>iibiC>rnw>IwliM>>iil|iliuricvl<ll>pourF.I<>nn>i.rb1*1 WhU liihffffKt ofthli 
(UMi lUmr. WHl ■iiiDiil life } WIiFiiOurcral ichunird In an uptn tchmI. In iclm 
nun. what liUictlTtetuiilliolrartlKinKiinl How <!«■ pure cubunlc acM cxa* 
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of burning charcoal. In such cases the air becomes noxious 
from two causes ; the charcoal, by abstracting the oxygen from 
the atmosphere, would leave only the nitrogen, which, as we 
have already seen, will not support animal life. The mere 
absence of the oxygen would, therefore, be the negative means 
of destroying life. But this is not the most active cause of de- 
struction. The air is not only deprived of its oxygen, by the 
burning charcoal, but the oxygen, by uniting with the charcoal, 
becomes an absolute poison ; this is indeed of so deleterious a 
nature, that when pure, it causes death by producing a spasm 
of the glottis, thus closing, entirely the passage to the lungs, and 
when mixed with atmospheric air, in such a proportion as to be 
taken into the lungs, it then acts as a narcotic poison, producing 
dimness of sight, loss of strength, difficulty ch breathing, then 
entire suspension of respiration, and finally, insensibility, apo- 
plexy, and death. 

335. When limestone is exposed to heat, this gas is driven 
off, and in consequence of this loss, the limestone is converted 
into quickhmc, a substance well known as the basis of mortar 
for building. The gas, thus extricated, being quite«pure, is ex- 
ceedingly deleterious, and sometimes proves fatal to the work- 
men and others in the vicinity of the kiln, where the burning is 
performed. 

336. Family destroyed by carbonic acid. — M. Foder 
states, that in the year 1806, a family residing at Marseilles, 
consisting of seven persons, were all rendered apoplectic, in con- 
sequence of breathing carbonic acid, which was extricated from 
an oven in the yard of the house, where limestone was burning. 
The gas had come into the house through the door and win- 
dows, and by some means it was found, during the night, that 
the family were in danger, and the alarm was given, but not in 
time for any one to escape. In the morning all the seven were 
found in different places, one on the stairs, one on the steps of 
the door, &c., with lamps in their hands, in the attitude of 
flight ; but the deleterious gas had taken away their strength, 
and put out their lights. They all appeared to have fallen 
down of apoplexy, while attempting to escape death by flight. 
Five were dead beyond recovery, but the two others were 
brought to life. 

When mixed with air, eo as to be respired, how does it cause death 1 When h'me* 
«tone is exposed to a red heat, what chances are prmluced on it ) What were llie 
circumstances uiider wliich a family at Marseilles were rendend apoplectic by this 
(M 1 Is there any diflTi-rence between the poisonous effects of charcoal prepared in 
a ooal-pit, and that taken from the hearth 1 



FIXED AUEU ' 201 

; Some people, tyIio are perfectly aware of the poisonous effects 
of tlie air arising from ignited charcoal, which has been pre- 
pared in coal-pits, still unaccountably believe, that the coals from 
a common fire are innocent This opinion has probably arisen 
-fr(»n the circumstance, that coals from the fire are taken up 
-with a quantity of ashes, in which they are chiefly covered, so 
that their combustion is made less rapid than when charcoal 
aloDe is used. But that there is no difference in respect to the 
poisonous property of this gas, whether the charcoal has been 
prepared in a cosd-pit, or on the hearth, is proved by the fact, 
that a respectable citizen and his wife, a short time since, had 
nearly fallen victims to this mistaken opinion. 

337. Water absorbs this gas. — Water absorbs carbonic 
acid from the atmosphere, and it is owing to its presence in 
spring and well-water, that we are indebted to their pleasant 
flavor. Boiling causes this gas to escape in consequence of the 
heat, and whoever has tasted of water immediately from a foun- 
tain, and of another portion of the same water, which has been 
boiled, will observe a remarkable difference. Water which has 
been recently boiled, will absorb its own bulk of carbonic acid, 
when agitated with it. The smart and agreeable taste peculiar 
to soda-water, to lively beer, champaigne, cider, and porter, is 
owing to the presence of this gas. This shows that, though a 
deadly poison when taken into the lungs, it may be taken into 
the stomach, not only with impunity, but with pleasure. 

338. The poisonous quality of this gas is a striking instance 
of the change produced on bodies by chemical combination. 
Charcoal alone is so inert as to be taken into the stomach in 
any quantity, without other deleterious effects than what might 
arise from over distention ; and in fine powder it is so far from 
b«fing injurious to the lungs, that the coalmen consider their 
buHincss as of tlie most healthy kind. Oxygen, as it exists in 
the atmosphere, is the very pabulum of animal life, and when 
IH-rfectly pure, may be respired without any other ill effects, 
except what arise from over excitement. But when these two 
hubstauces are chemically united, they form, as already described, 
a compound of tlie most deleterious kind, a poison which, ac- 
cording to M. Hallo, destroys animal lite in the space of two 
minutes. 

Wlial m Mill of ilin abforptinn of thin (raa by wafer, and the HvpIt fairte riven the 
flu d in ci.naimnin:e1 Why ilo*-* water which hat. been btillnJiHtiif tint mnl iMKlpun 
T" what h(|ii:«U dora thin sui' ffive their ntnurt and Uvely tflNfe I V"'" * " '"'""ve 

In Tfii\*icl Ui the |ioiK4iniiUN i|iiuhly of thwcaii? Il(iw do the pi'' ' of 

tbia gMn illufetrait; th<- changes produced uit bodivK by clu-iuIcaJ ^ 
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The specific gravity of this gas is 1.52, air being 1 ; so that 
it is about one half heavier than air. It may be poured from 
one vessel to another, Hke water; and as it instantly extin- 
guishes flame, lights may be put out with it in a manner which 
will puzzle and astonish those who are not in the secret. If a 
short piece of candle be lighted and set in a tumbler, and then 
a jar of this gas, which in appearance contains nothing, be held 
so that its contents run into the tumbler, the light will be as 
eflfoctually extinguished as though the tumbler had been filled 
with so much water. 

339. Test of carbonic acid. — One of the best tests of the 
presence of this acid is lime water, which, though perfectly 
transparent before, instantly becomes cloudy or turbid, when 
the smallest quantity of this gas is blown into it The small 
quantity of carbonic acid which is generated in the lungs at 
every inspiration, is sufficient to form a precipitate in lime water. 
[See Respiration.) 

The cause which renders lime water turbid by being mixed 
with carbonic acid, is easily understood. Water dissolves a 
small quantity of lime which it holds in solution ; but carbonate 
of lime is insoluble in water. Wlien carbonic acid is blown into 
a vessel of lime water, the lime instantly combines with it, form- 
ing a carbonate of lime, which, being insoluble, is seen in the 
form of a white cloud. The carbonate thus formed, being 
heavier than water, sinks to the bottom, or is precipitated. 

340. The large quantities of this acid which are formed by 
combustion and respiration, it might be supposed, would in- 
crease the quantity in the atmosphere, particularly in crowded 
manufacturing cities, so as to make the air poisonous. But as 
already explained, the wisdom of Omnipotence has prevented 
the accumulation of this gas in particular places, in consequence 
of its specific gravity ; for experiment shows, that notwithstand- 
ing the great difterence existing among the gases in this re- 
spect, they all mix uniformly. Hence, by this wonderful pro- 
vision, or exception to the general law of gravity, this gas, 
though extricated in immense volumes in the free open air, 
soon diflfuses itself on all sides, and mixes with the surround- 
ing atmosphere, so as seldom to prove deleterious by local 
accumulation. 

What is the ppecific gravity of this pasl How may lights be eztin^aisheil by this 
gas in a manner to pur.zle those who are not \\\ the secret 1 What is a food 
test for carbonic acid 1 Wliat efftct is apparent when a little of this gas is blown iolo 
lime wafer 7 Why does lime water brcome furb d by the preppuce of carbonic acid t 
Why is tlie atmosphere selik la reuUticd poifuisuus by ilie accumulation ofthitgasl 
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The Gompofiition of this gas has been determined with ac- 
curacy, and as seen at the head of this section, it is composed 
of 2 proportions of oxygen, 16, and 1 proportion of carbon, 6 ; 
hence its combining weight is 22. 

CARSONIC OXIDE. 

Equivalent, 14. Symbol, CO. 
1 eq. Carbon, 6x1 eq. Oxygen, 8. 

341. When two parts of chalk, and one of iron filings, are 
mixed together and heated in a gun-barrel, carbonic oxide gas 
is obtained. 

The student will readily understand the principle of its form- 
ation. An oxide contains too small a proportion of oxygen to 
form an acid. When lime or chalk is heated, carbonic acid is 
extricated, and when iron is heated, it has a strong attraction 
for oxygen. When, therefore, the chalk and iron filings are 
heated together, we may suppose, in the first place, that the 
carbonic acid is extricated, as usual, but that the iron instantly 
al>sorbs one half of its oxygen, thus converting the acid gas 
into an oxide. 

This gas possesses the mechanical properties and trans- 
parency of carbonic acid. Like that gas, it extinguistes the 
flame of burning bodies, but is itself inflammable, the light 
which it puts out, seeting it on fire at the surface, where it 
burns quickly, with a pale, lambent flame. The combining 
]X)rtion of carbon has been determined from this compound, its 
ek'monts, carbon and ox}'gen, having never been found to com- 
bine in smaller proportions than 6 of carbon and 8 of oxygen, 
by weight 

SULPHUR. 

Equivalent, 1 G. Bymbol, S. 

342. Sulphur is found in the vicinity of volcanoes in large 
rjuaiititit-s, Iwing sxihlimed^ or brought up from the depths be- 
low, by the heat of the volca^.o, where it existed in combination 
with the metals. It is also found combined with various 
niutals, forming Bulphureta or tulpkideit, a class of compounds 
liereafter to be examined; nor is it entirely wanting in the 

What is the compoiition of Miia fB, and what Us combiDinjr number 1 How !a 
carbonic oxide fornieii t What a?e Ihe ch«-mical changes which take place In lorm- 
iiif Ihiaicaii by mean* of chalk and Iron filings 1 What are the propfrtiesofthlsgssl 
What is lis comiiosilion and comb ning number 1 In what situation is sulphur 
etoWfly fouod ? Whence comes th« sulplmr found In the viciuitj of YolcoDoes 1 How 
Is sulpbttr dMcribcd 1 



204 SULPHUROUS ACID. 

animal and vegetable kingdoms, many substances in each con- 
taining it in small quantities. 

Sulphur is a well known brittle solid, of a greenish yellow 
color, which has little or no taste, but which emits a peculiar 
odor when heated, or rubbed. 

Its specific gravity is nearly 2, water being* 1. When heated 
to a temperature a little above boiling water, it melts, and be- 
comes completely fluid. In this state it is cast into moulds, 
and is known in commerce under the name of roll brimstone. 
If the heat is raised to 300 degrees, it loses its fluidity, becomes 
viscid, and acquires a reddish color. If in this state it be 
poured into water, it becomes ductile, and is then employed to 
take the impressions of medals and seals. The color and tex- 
ture of these false medals have the appearance of some metallic 
alloy, and those who are imacquainted with their composition, 
takmg them for such, are at first, surprised at their lightness. 

When sulphur is heated to 600 degrees in a close vessel, it 
rises in vapor, or sublimes^ and is condensed unchanged, except 
in form, which is that of an impalpable powder, well known 
under the name of Jlowers of sulphur, Li this manner it is 
purified. 

Sulphur combines with the earths, alkalies, the metals, and 
with several proportions of oxygen. Its compounds are there- 
fore numerous, and some of them interesting. It has not been 
found to combine with any substance in a less proportion than 
16, with which it forms an acid, called tlie hyposulphurous, 
when united to 8 parts of oxygen. 

Sulphur, so far as known, is a simple body ; all attempts to 
decompose it having proved fruitless. 

SULPHUR AND OXYGEN. 

SULPHUROUS ACID. 

Equivalent, 32. Symbol, SO,. 
1 eq. Sulphur, 16 + 2 eq. Oxygen, 16. 

343. When sulphur is burned in pure oxygen gas, the latt<?r 
suft'ers no change of volume, but acquires a most sufl!bcating 
and pungent odor, and many new properties, entirely different 

• 

What {8 its specific gravity 1 At what degree o^ heat does salphur melt 1 What 
l8 roll brimstone 1 How is sulphur prepared to tkke the imprf^efons of medaU and 
seals ? How are flowers of sulphur prepared! WMi what other bodies does suU 

Ehur combine 1 What is the lowest proportion in which salphur is known to com* 
ine? Is it an element, or a compound 1 How is sulphurous acid gas produced? 
Wi.at effect does this gas produce on flame, animal life, and vegetable colors? 
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from tbose of oxygen. The componnd so fi>nned is sulphurous 
acid gas. It is colorless and transparent ; extinguishes flame 
and animal life ; and first turns vegetable blue colors to a red, 
and then destroys them. When diluted with a large propor- 
tion of atmospheric air, it is still so acrid as to produce a sense 
of suffocation and violent coughing on those who attempt to 
breathe it. 

It is the same gas which is formed when sulphur is burned 
in the open air, but when burned with oxygen it is pure and 
undiluted. It possesses the property of bleaching Imen, silk, 
straw, ike, and hence is employed by milliners and others for 
this purpose. 

Its specific gravity is more than double that of atmospheric 
air, and hence it may be kept for some time in jars by merely 
covering them with a piece of glass. Its equivalent composi- 
tion is 16 sulphur and 16 oxygen. Its bleaching property may 
be shown, by introducing a red rose, or other colored flower, 
into a jar containing it, which will soon become white. The 
rose must first be moistened, otherwise the experiment will not 
succeed. The color may again be restored by an alkali. This 
gas has a strong disposition to unite with another proportion 
of oxygen, and hence it will revive some metaUic oxides, by de- 
priving them of their oxygen. 

This property may be used as the means of making an inter- 
esting experiment. 

Make a solution of acetate (sugar) of lead in pure water, and 
with it moisten a piece of ribbon, or a small plant, such as a 
sprig of mint. The thing moistened of course presents no other 
appearance than if wet with common water, but when plunged 
for a moment into a jar of this gas, it comes out completely 
covered with a coat of brilliant metallic lead. 

This chemical cliange is thus explained. The acetate of lead 
is an oxide of the metal, dissolved in the acetic acid, or vine- 
j^ar. llie sulphurous acid having a stronger attraction for oxy- 
^*ii Uian the lead has, the acetate is decomposed by being de- 
prived of its oxygen by the acid, and is thus revived, or brought 
to its metallic state. 

A<rcording to Mr. Faraday, tlio sulphurous acid is condensed 

IIow dors (his fas diffipr from that produced by burning sulphur in the air 1 What 
Is the »p(ciflc gravity uf this xaal Wtiat is it« equivalent composition 1 How may 
Ihf bleaching property of tliis gas be tihown 1 IIow may the color of the rose lusl^ 
be ff stoffd T IIow may a ribbon, or small plant, be covered with metallic lead by 
mrananfihlsgasY What are the chemical changes which takeplaca in ruviving ihe 
lead by Uilii acid 1 flow may this acid be coadrnsed to a liquid state 1 

18 
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and brought into the liquid state, by being submitted to die 
2^re8sure of two atmospheres, which is equal to that of 80 
pounds to the square inch. 

This acid unites with metallic oxides, and forms salts, called 
sulphites, 

BULPHURIC ACID. 

Equivalent, 40. Symbol, SO3. 
1 eq. Sulphur, 16 + 3 eq. Oxygen, 24. 

OIL OP VITRIOL. 

344. Sulphuric acid is an article of considerable consequesice 
in commerce and the arts, and is prepared in large quantities 
in Europe and America. 

It was formerly obtained by the distillation of a well known 
substance called green vitriol^ or copperas, and was thereto 
called oil of vitriol. The composition of this acid, as above 
seen, gives it the name of sulphuric add ; and green vitriol, 
therefore, which is composed of this acid and iron, is the wU 
phate of iron. 

By distilling this substance at a high heat, it is decomposed, 
and the acid is obtained in the form of a dense, colorless liquid, 
of an oily appearance, which emits copious white ^mes in the 
air. If this li<iuid be again distilled at a lower degree of heat, 
into a receiver surrounded with ice, there will pass over a color- 
less vapor, which will condense in the receiver, in the form of 
a white crystalline solid. This solid is dry, or anhydrous sul- 
phuric acid, so called, because it contains no water. 

345. The sulphuric acid of commerce is this acid dissolved 
in water. This acid is prepared by the combination of 8 parts 
of sulphur mixed with 1 part of nitre, in large chambers lined 
w ith sheet lead. The acid is formed in the state of gas, and is 
absoibed by a thin stratum of water placed on the floor of the 
chamber. Tlie following is the theory of this process. The 
sulpliurous acid, formed by the burning sulphur, takes a portion 
of oxygen from the nitre, find is converted into sulphuric acid. 
This acid then combines with the potash of the nitre, and dis- 
places nitrous and nitric acids in vapor. These ^'Bpors are de- 
composed by the sulphurous acid into nitrous gas, or deutoxide 

What are the salts called which this acid forms with metallic oxiden? How wtf 
wilnhuric acid formerly obtaiiifd 1 What is the chemical name of copperan 1 How 
is the dry. or anhydrous pulphuric acid procured ? Of what does the liquid sulphurio 
acid of commerce consist ? Describe the manner in which the sulphuric acid of 
commerce is preparLd. 
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of nitrogen. This gas, suddenly expanded by the heat, rises to 
the roof of the chamber, where there is an aperture communi- 
cating with the open air. There it absorbs a portion of oxygen 
from the atmosphere, and is converted into nitrous acid vapor, 
which, being a heavy aeriform body, immediately falls down 
upon the smphurous fumes, and imparting a portion of its oxy- 
l^•4l to the sulphurous acid vapor, converts it into sulpliunc 
acid, which is Uien absorbed by the water. The nitrous acid 
vapor, being thus reconverted into nitrous gas, again ascends 
to the roof of the chamber for another dose of oxygen, with 
which it descends as before, and thus the process continues. 
100 parts of nitre, and 800 of sulphur, will produce 2000 parts 
of the acid. 

346. From Dr. Ure's paper on this subject, we learn that 
the common acid of the shops contains ti'om 3 to 4 per cent, of 
foreign matter, consisting chiefly of sulphate of potash, and sul- 
phate of lead, and that it often contains much more than these 
proportions, in consequence of the introduction of nitre, to 
remove the brown color, accidentally given the acid by bits of 
wood, or straw. 

The purest sulphuric acid obtained by the usual process, hiis 
a sjiccitic gravity of about 1845, water being 1000. If it is 
much heavier than this, adulteration by means of some pon- 
di^rous substance may be suspected ; and if much lighter, its 
strength will probably be found deficient in consequence of 
dilution with water. In consequence of the strong attraction 
of this acid for water, with which it unites in all proportions, it 
absorbs moisture from tlie air with avidity, and thus when ves- 
sels containing it are left open, they gain in weight, instead of 
lining by cvai)oration. If carboys of this acid are permitted to 
htand in a damp place, as in a cellar, with the stoppers left out, 
th-n* will probably be a gain in weight, whicli will amount to 
mucli more than the interest of the money the acid cost. It 
lli-.Tcfore l)ecomes honest dealers, as well as careful buyers, to 
H.-*; that thiH acid is well secured from contact with the air. 

847. This acid is one of the most caustic and corrosive of all 
hul»stanc«.8. When mixed in the proportion of four parts of 
md with one of water, the temperature of the mixture rises to 

What impiiritieii tUtm the milnliurif aciil of eommrrcr alwa^rs contain? What 
|ini|Mirii4iii *t( Ihr-Kc KUtMtniict^ iIohh iht* rnrnmnn Milphuric and of the fihops ron- 
ra-ii r lltiw iriiy ihr qti.'iiility of iorfiirii tiiitltf r in thiM ncid bf nwcertain^il } What 
Ik IIi« HtiiH-iflu cr.iv.ty of ihf hint Milphdric iumiI, ohtirned hy the usual firoccMl 
Wiidl III kaiil (if Ihi* nl»>oriilMMi i>f WMiii- hy th'iN :u:i(i, whtii left open I 1" wlint pro- 
puriMii fl»«« a niuturv uS ihiK acwI hi.1 w'uivr proihicc ihi: {;i-i:ia«»>t dv^roe of liuutl 
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800 degrees. Its extreme activity, as a caustic, seems to de- 
pend on its avidity for moisture, and the heat occasioned by the 
union. On the entire skin, when this is dry, it produces no 
immediate eSect, but if there is the smallest erosion, or scratch, 
it operates on that part instantly, and with the most intense 
and painful energy. The flesh appears to be first burned, and 
then dissolved by its action. 

In case of any accident, where the concentrated acid is 
tlirown upon the clothes, or skin, as it is generally known that 
this acid burns, the spectators run for water, which is thrown 
on, with the intention of difuting the acid, and thus to prevent 
its further action. This, though meant in kindness to the suf- 
ferer, might be the means of his destruction ; for the degree of 
heat, thus raised, would be sufficient to destroy his skin, with- 
out the further action of the acid. In such cases, there is much 
less danger in waiting until some potash, chalk, or even ashes, 
can be procured, and thrown on the part. Meantime, the suf- 
ferer should be stripped of the clothing on which the add has 
fallen, and the acid absorbed from the skin with a moistened 
sponge, or cloth, or even a handful of dry clay, thrown upon 
tne part. 

Strong sulphuric acid boils at 620 degrees, and freezes at 
15 degrees below zero. 

The dry acid is composed of 

1 equivalent of sulphur, 16 
3 " " oxygen, 24 

40 

The common or hydro-sulphuric acid contains, in addition to 
the above, one proportion of water, making its equivalent num- 
ber 49. 

PHOSPHORUS. 

Equivalent, 32. Symbol, P, 

348. Phosphorus is a yellowish, inflammable solid, which ifi 
the open air emits white fumes, and at common temperatures 
is himinous in the dark. 

This substance has never been found in a simple state, but 

On what does the causticity of this acid seem to depend 1 In case this acid is 
accidentaily tlirowa upon a person, what is gaid to be the best method of neotralix- 
iuK its effects 1 What is the composition of the dry acid 1 What quantity of water 
does the strongest common acid contain? What is the equivalent oumber for the 
hydrosulphuric acid 1 What is phosphorusi In what state is phosphorus found, 
lu a simple or combined state 1 
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I combined witJi aniraal substoiices, in oonaiderable quantities, 
atd n occHsionallj fouud in minerals. 

849. ilow OBTAINED. — It is obtained from bones by the follow- 
{■^process: In the first place, the bones are calcined, or burned in 
u open fire, and then pulverized, and digested for two or three 
daja with half their weight uf sulphuric add, to which water 
u occasionally added. This solution is then mixed with twice 
hfl bnlk of hot water, and the liquid separated by straining 
through a cloth. By this process, the bones, which are com- 
powd of phosphoric acid and lime, are decomposed, and two 
new Mita, viz., the sulphate of lime, and the bipkosphate of 
Bme, are formed. The sulphate of hme is insoluble in water, 
and therefore the filtrated solution contains only the biphos- 
phflte, which is soluble. Thus, the booes, which, are a phos- 
})ltate of lime, mixed with animal matter, are first deprived of 
this matter by burning, and then converted, in part, into the 
biphosphate by the sulphuric acid. We have, then, in this 
ftage of the process, a solution of the biphosphate, or acidulous 
phosphate of lime in water. This solution is then evaporated 
to the thioknesH of syrup, mixed with one-fourth of its weight 
of charcoal in powder, and distilled with a atroDg heat, in an 
earthen retort. The charcoal combines with the oxygen of the 
biphosphate, which, being thus decomposed, the phosphorus 
distilLi over, and is obtained in a vessel of water, into which tbe 
mouth of the retort is placed. 

The np[)aratus for tiiis pur- pia. 93. 

]«He U represented by Fig. 
tt'i, and will be understood by 
isi're inspection. The retort a 
iH of Rton(>, or clay, so as to 
la-ar a considerable degree of 
h»»t. The tube b, is of cop 
|>er, and pas»ng air-tight 
iliruugh the cork, dips only a 
fuw lines into the wiiter in the 
billlc. This is a iiL-cessjry 
pr-i'HUiioi), unce, if by any 
Hii'i(li:nt, the retort siionld Iju 
■inMi-nly cooled, only a mh ill 
•jiciiility of wuti-r, .ind not 
vii<.ii;i!i to rr;!.-!! lli(; hot n;- 
tun,ciiiilj bu :Ll»urLi:il, ulln-r- 
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wise, sad accidents might occar, since only a few drops of 
water, converted into steam, would burst the retort, and throw 
its contents in all directions. The small tube c, open at both 
ends, is for the purpose of allowing the gasses, which oome over 
during the process to escape. The heat, in the furnace, is to 
be gradually increased, when the phosphorus, which comes over 
in a liquid form, will be condensed in the water, and in the 
neck of the retort. Large quantities of this article are maoft- 
factured and employed in making friction matches, and for other 
purposes. It is a brilliant experiment, since, during the pro- 
cess, sulphureted hydrogen escapes, which takes fire as it 
reaches the air. It also requires much care and experience, 
otherwise it is not without danger. 

350. Properties. — ^Phosphorus, thus obtained, is of a yelr 
lowisb, or flesh color, but may be made colorless and transpa- 
rent by redistillation. 

This substance is exceedingly inflammable, so that at com- 
mon temperatures, it is necessary to preserve it under water, in 
well stopped bottles. It may be set on fire by slight frictioD, 
or even by the heat of the hand. It is insoluble in water, but 
is soluble in ether, or oils, to which it conmiunicates the pro- 
perty of shining in the dark. 

Put a piece of phosphorus into a vial half filled with oli?e 
oil, then keeping the thumb on the mouth of the vial, warm 
the bottom, shaking it now and then, until the phosphorus ia 
melted. This forms liquid phospkoras^ and a vial thus pre- 
pared may be occasionally useful to show the hour of the night 
by a watch. A^^ ^^^ ^^ necessary for this purpose is to hold 
the vial in the hand for a few minutes, until it becomes warm, 
then take out the cork, and the union of the oxygen of the air 
with the phosphorus will evolve sufficient light to see the hour. 

That the light is owing to the combination of oxygen with 
the phosphorus, or to its slow combustion, in the above instance, 
is proved by the feet, that phosphorus may be melted and sub- 
limed in pure nitrogen, without the least appearance of light. 
Its combustion in oxygen gas is exceedingly vivid, and affords 
a striking and splendid experiment for a public lecture room. 

When tfiken into the stomach, phosj)horus proves a virulent 
and deadly poison ; though in minute doses, it has been used 
as a medicine, wlion dissolved in ether. 



Wliat is said of the inflammability of phosuhorus ? In what maoner must il be 
preserved from the air 1 How is liquid phosphorus prepared 1 For what purpoM 
may a vial of this mixture be useful 1 How is it proved tltat the luminoua appcer- 
aoce of phosphorus is owing to the absorption of oxygen 7 What ii Hid of Ihe pc^ 
OOOU0 quality of this gas whea taken into the atomaoh I 



FU0SFUOUU8 ACID. 211 

PHOSPHORUS AND OXYGEN. 

PnOSPHORIC ACID. 

Equivalent, 72. Symbol, PO5. 
1 eq. Phosphorus, 32+5 eq. Oxygen, 40. 

851. Phosphorus, as above stated, unites with oxygen with 
great rapidity, and affords an instance of intense chemical 
action, attended with the most brilliant phenomena. During 
this combustion, copious white vapors are produced, which fall 
to the bottom of Uie vessel in which the experiment is made, 
like flakes of snow. This white vapor is the dry, or anhydrous 
phosphoric acid. If exposed to the air, it soon attracts moist- 
ure in sufficient quantity to dissolve it, and thus becomes liquid 
phosphoric acid. 

This acid may also be formed by the action of nitric acid on 
phosphorus. The union is made by dropping pieces of phos- 
phorus into the strong acid. The phosphorus absorbs one pro- 
portion of oxygen from the acid, thus converting this acid into 
the deutoxide of nitrogen, or nitrous gas, which escapes in 
immense volumes during the process. The phosphorus is thus 
converted into phosphoric acid, which is obtained in the solid 
fonn by evaporating the solution to dryness. 

Phosphoric acid unites with water in all proportions, and 
produces a small degree of heat during the solution. Its taste 
18 intensely sour, but it is not corrosive. When heated in con- 
tact with charcoal, the latter absorbs its oxygen, and the phos- 
phoric acid is converted into phosphorus. This acid combines 
with various bases, and forms a class of compounds called 
pkosphaUt, Its composition is 

1 proportion of phosphorus, 16 

2 " " oxygen, 16 

Consequently its equivalent is 32 

PHOBPIIOl^UB ACID. 

Equivalent, 5G. Symbol, PO3. 
1 eq. Phosphorus, 32-|-3 eq. Oxygen, 24. 

352. This acid is obtained by exposing pieces of phospho- 
rus t<> the open air, in conse<iuence of which it spontaneously 
abriorbfl oxygen, and undergoes a slow combustion. 

What !• wiiil of tntt union of ptiotphoruii and oxyrcn 1 In what form does the drj 
plMMpUorie ucUl appear 1 Whjr do«« ih\* acid become Ik^uid on expomire to the air t 
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If two or three sticks of phosphorus be thus exposed in a 
glass funnel, set into the mouth of an empty bottle, the acid 
will be formed, and by attracting moisture from the air, will be 
dissolved, and pass down into the bottle, where at first may bo 
found a quantity of liquid phosphorous acid. This acid com- 
bines witn different bases, and forms salts, which are called 
phosphites. Phosphorus acid, when exposed for some time to 
the air, absorbs another proportion of oxygen, and is then con- 
' verted into phosphoric acid. Indeed, the acid formed by th» 
method is probably always mixed with the phosphoric acid. 

There are several other compounds of phosphorus and oxy- 
gen, but these are the most important. The pliosphates will 
be described in their proper place. 

BORON. 

Equivalent, 11. Symbol, B. 

356. There is a solid substance, resembling alum in appear- 
ance, which is used in medicine and the arts, under the name 
of borax. From borax there is extracted an acid, called the 
boracic acid. When boracic add is heated in contact with the 
metal called potassium, the metal, having a strong affinity for 
oxygen, deprives the acid of that principle, and thus its base, 
called boron, is set free. This, so far as is known, is an ele- 
ment. Boron is insoluble in water, alcohol, or oil. *It may be 
exposed to the strongest heat in a close vessel, without change, 
but when heated to about 600 degrees in the open air, it takes 
fire, bums vividly, and by the absorption of oxygen, is again 
converted into boracic acid. 

353. Boracic acid. — This is the only known compound of 
boron and oxygen. It is a natural product, occasionally found in 
springs, and also in several salts, of which borax, or the borate 
of soda, is the principal. 

The acid may be obtained from the borate of soda, by dis- 
solving that substance in hot water, and then adding sulphuric 
acid until the solution becomes sour. Sulphuric acid combines 
with the soda, forming sulphate of soda, or Glauber's salt, while 
the boracic acid thus set free, is formed, when the water coob. 

By what other method may this .acid be formed 1 When phosphoras is thrown into 
nitric acid, wliat are the chemical changes which ensue 1 In what manner dors 
charcoal convert phosphoric acid into phospiiorus? Wltat is the composition, and 
what the combining number of this acid 7 How is phosphorous acid obtaineill 
What are the salts called which this acid forms with the pitlerent basen I How is 
boron obtained? Is boron a compound, or an elementary Mdyl WluU are the 
properties of boron 7 What is boracic acid 7 Uow may boracic acid be obtained 1 
What is the common name for borate of soda 1 
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in small crystals. It is not readily soluble in water, but alco- 
hol dissolves it freely, which being set on fire, burns with a 
beautiful green flame. This green flame is a good test of the 
presence of boracic acid in any composition. 
This acid is composed of 

Boron, 1 equivalent, 11 
Oxygen, 6 " 48 

The combining pro. of this acid is therefore 59 

CHLORINE. 

Equivalent, 36. Symbol, a. 

OZMURIATIC ACID. 

355. This highly important and useful gas is obtained by the 
action of muriatic acid on black, or peroxide of manganese. 
The most convenient mode of preparing it is by mixing strong 
muriatic acid, contained in a retort, with half its weight of the 
black oxide of manganese in fine powder, and then applying a 
gentle heat. The gas may be received in glass bottles filled 
with water, and inverted in the pneumatic cistern, in the usual 
way. The water should be warmed, to prevent absorption. 

356. Mb. Fownks' method. — ^The following are Mr. Fownes' 
directions for the preparation of chlorine. Fig. 93, a large 
glass flask, a, containing a quantity of common salt, is fitted 
with a cork and safety tube, b, with a bent tube, c, the latter 
passing through a short tube into a vnde necked bottle, con- 
taining a little water, into which the open tube dips. A second 
bent tube, d^ passes by another hole in the cork, into the bottie, 
^, but only just through the cork. . This tube passes into another 
bottle containing distilled water. The tubes are of glass, and 
tlie joints through the cork made tight by bees-wax. 

Action. — Having thus prepared the apparatus, pour through 
the funnel, 5, sulphuric acid, about equal in weight to the salt, 
when the gas will be developed, whicn at first will be absorbe<l 
by the water in tiie bottle e, but when this is saturated, it will 
pass in the other bottle by the tube, (f , in a pure state. When 
the action ceases, an additional quantity of gas may be obtained 
by the application of heat, by means of charcoal placed in the 
furnace under the flask. As much heat is given out by the 

WbAl ia the beet tMt for the prraeiice of boracic acid 7 What are the elements of 
hanc\c ac.-fl, anil what ia it* combiuinff number ) How ia chlorine obtained i What 
mn ilie two proccaaem deacribed, of obtainiug it 7 What It aaid of the color and suf- 
Ibotfmjr cffrcta af Ihia gn» 1 
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condensafion of the gas, the condensing botde may 1w gnr 
Tootided irith cold water, being placed in a vMsel tor tlui 
purpose, 

857, Observation. — It will be observed that this method 
differs materially from that fir«t described, in which the articlei 




employed are muriatic «cid and oslde of manganese. The remit, 
however, is exactly the same, the chlorine being in the first 
case the product of the mutual action of the manganese and 
muriatic acid, and in the second, by the action irf the sulphnrio 
acid on the muriate of soda, or common salt 

368, Propkbtibs. — This gas is of a yellowish green colw, 
the name, chlorine, in Greek, signiiying green. It has an 
astringent taste, and is so exceedingly ^ufibcating, that a bubble 
or two let loose in a room, will excite coughing and a sense at 
strangulation. Cold water, recently boiled, will absorb twice 
its volume of chlorine, which it gives out again on hang 
hoate<l. 
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The specific gravity of this gas is 2.5, so that it is more than 
twice as heavy as atmospheric air. 100 cubic inches weigh 
76.25 grains, while the same quantity of common air weighs 
only 30.5 grains. 

Chlorine, in solution with water, was formerly called oxy- 
muriatic acid, from the opinion that it was composed of mu- 
riatic acid and oxygen, Bht, according to tte logic of chemis- 
try, it is now universaUy considered a simple body, having 
never been decomposed, though repeatedly submitted to the 
most active decomposing agents known to chemists. Sir H. 
Davy submitted it to the most powerful effects of galvanism, 
and to charcoal heated to whiteness, without decomposition, 
and without separating the least trace of oxygen from it. 
Hence, according to the present state of knowledge, it is an 
elementary body. 

Chlorine is a supporter of combustion. When a lighted 
taper is plunged into this gas, it bums with a small red flame, 
emitting a large quantity of smoke. Phosphorus takes fire in 
it spontaneously, {ind so do several of the metals. 

Fill a deep bottle, or large tube, with this gas, and set it up- 
right, with tne mouth covered by a plate of glass. Have some 
antimony prepared, by being pounded in a mortar ; then slide 
off the cover and pour in the metal. It will take fire before it 
reaches the bottom, and afford a beautifid shower of white 
flame. This affords an elegant and striking experiment. The 
metals, tin, zinc, copper, arsenic, and even gold, when in the 
state of powder, or thin leaves, will be inflamed in the same 
manner. 

Chlorine has a very strong attraction for hydrojren, but 
it is through the mysterious influence of light that the com- 
bination between the two substances seems spontaneously to be 
effected. 

Thus, when a mixture of these two gases is kept in the dark, 
no combination ensues, but if exposed to the direct light of the 
nm, they combine suddenly, and with a violent detonation. 
This sometimes happens without the sun's light 

This gas, though formerly called an acid, does not appear to 
pomeia any acid properties. It is not sour to the taste, nor 

What Is llB ipeelflc gn^Uj T What was the former name of thia na 1 Does this 
fH eoDlaio any oxygtn 1 what la said of ihe experimouts of Sir if. Davy on chlo- 
riael Is this an elementary, or a compound body ? Is chlorine a supporter of com- 
bofllioul What aubktaoces lake fire in this gas spontaneously 1 In what manner 

If m sbowsr of flame be made by thia gas and a metal ) What is said of the union 
rmu tbi« fw ami hydrofen 1 Does chlorine contain any of the properties of tP 
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does it redden vegetable blue colors, properties nearly uniyersa] 
in the acids. 

But the most important property of chlorine, is its bleaching 
power, all vegetable and animal colors being discharged by ite 
action. For this purpose, it is combined with quicklime, fann- 
ing chloride of lime, or bleaching potcder^ an article very exten- 
sively employed at the present tiftae, and which will be de- 
scribed, and its properties examined, in its proper place. 

Another very important property of chlorine is its disinfecir 
ing power, any infectious or disagreeable odor being almost in- 
stantly destroyed by it. For this purpose, the chloride of lime 
is also chiefly employed. The compounds of chlorine which 
are not acid, are called chlorides^ or chlorurets. When chlorine, 
united to oxygen, combines with a base, and forms a salt, it is 
called a chlorate. These were formerly called hyperoxyw.uri- 
ates. They possess no bleaching properties. 

CHLORINE AND HYDROGEN. 
HTDROCHLOBJC ACID. 

Equivalent, 37. Symbol, d, H. 
1 eq. Chlorine, 36-1-1 eq. Hydrogen 1. 

MURIATIC ACID. 

859. We have just seen that chlorine has a strong affinity 
for hydrogen, but that no union takes place between them, 
without the influence of light. When the light is entirely 
excluded, a mixture of these gases remains without change. 
When the mixture is made in a glass vessel, and exposed to 
the light of day in the shade, the gases, if of equal volumes, 
slowly combine, and form muriatic acid gas. But when the 
mixture is exposed to the direct rays of the sun, the union is 
sudden, and attended by an explosion. 

Tliis combination does not change the volume of the origins! 
mixture, but the properties of the two gases are greatly changed. 
If the vessel in which the experiment has been made is un- 
stopped under water, the fluid will in a few moments entirely 
absorb its contents, and fill the vessel in its place, while the two 

What is the most important property of chlorine 1 What does chlorine form, whea 
combined with quicklime ? What other imnortnnt and useful property has thisfMl 
What are the compounds of chlorine, which «re not acid, called 7 Wnen a miztiirt 
of hydrogen and chlorine is kept in the dark, what change takes place? Whca 
placed in the shade, what is the effect 7 Wlien the mixture is placed in th« lun, wiMK 
effect is produced ? What are the changes produced ou these faces bj this i 
tioni What is the neimeoftbe Hcw gasi 
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gases, before combination, were absorbed by water only in small 
proportions. The peculiar odor of chlorine, and its prompt 
bleaching property, are also destroyed, and other change of 
properties will become apparent on further examination. 

The compound formed by the union of chl<nine and hydro- 
gen is called hydrochloric acid. This gas is composed by 
weight of 

1 equivalent of chlorine, 36 
1 " " hydrogen, 1 

Combining weight of hydrochloric acid gas, 37 

360. The production of muriatic acid by the combination of 
its elements, is designed to prove its constitution, and combin- 
ing proportions. This acid is, however, much more readily pre- 
pared by the action of sulphuric acid on common salt 

If the salt be pulverized and mixed with an equal weight of 
the acid, and then the heat of a lamp applied, muriatic acid 
gas will be disengaged. But it must not be received over 
water, which will absorb several hundred times its own bulk of 
this gas. 

Muriatic acid gas is a transparent, elastic fluid, of a very pun- 
gent smell, and intensely acid taste. Its attraction for water is 
so great, that when it escapes in the open air, even in the dry- 
est season, it instantly forms a white cloud, in consequence of 
combining with the moisture of the atmosphere. 

Water, at the temperature of 40 degrees, absorbs 480 times 
ita bulk of this gas, and the solution is known under the name 
of muriatic acid, or spirit of sea salt, and is largely employed 
for chemical and manufftcturing purposes. 

This acid is prepared, in the large way, by extricating the 
gas from sea salt, by sulphuric acid, as above described, and 
then passing a current of it into water, as long as any is ab- 
sorbed. It forms, with the different bases, a class of salts, called 
muriates, or hydrochlorates. 

When this gas, in a pure state, is submitted to the pressure 
of 40 atmospheres, that is, 600 pounds to the square inch, it is 
itondensed into a liquid. 

What in raid of the abtorjition by water of chlorine, and hydrogen, and alao of 
muriatic aeiil ffaal What is the compo»ition of muriatic acid gaa.anu what ia ita 
eooibtiiiiif number T How la thia gaa moat readily and conveniently prep^***** 1 
WI17 «iea« muriacte acid gaa ft>nn a white cloud In the open abr 1 How mmo* 
to ova balk of this gas will water abaorb 1 Under what name Is thif aohlUM 
la waftr knowa 1 How is the muriatic acid of commerce prc^TeA^ 

19 
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361. There are four compounds of chlorine and oxygen, 
formed by the union of as many different proportions of tho 
oxygen to the same proportion of chlorine. These compounds 
are known only to chemists, and with the exception, perhaps, 
of chloric acid, possess no value in the arts. They are all 
formed by the action of an acid on the chlorate of potash, or 
the chlorate of barytes. The chief interest which these sub- 
stances possess, in a chemical relation, is their strict conformity 
to the laws of definite and multiple proportions. Their namoR 
and constituents are as follows : 

Protoxide of chlorine, 36 chlorine -f- 8 oxygen. 
Peroxide of chlorine, 36 " +32 " 
Chloric acid, . . 36 " +40 " 
Perchloric acid, . 36 " +66 " 

Thus, the first is composed of 1 proportion of chlorine com- 
bined to 1 of oxygen. The second, 1 of chlorine and 4 of oxy- 
gen. The third, 1 of chlorine and 6 of oxygen. The fourth, 
1 of chlorine and 7 of oxygen. 

The equivalent numbers, therefore, for the first, is 36 + 8 =44 ; 
the second, 36 + 32=68; for the third, 36 + 40=76; and for 
the fourth, 36+56=92. 

CHLORINE AMD SULPHUR. 
CHLORIDE OF SULPHUR. 

Equivalent, 52. Symbol, S. CI. 
1 eq. Sulphur, 16 + 1 eq. Chlorine, 36. 

The combination of chlorine with sulphur forms a curious 
compound, called chloride, or cldoruret of sulphur. The 
method of forming this combination is as follows : 

362. Preparation. — The materials for making chlorine, it 
will be remembered, are black oxide of manganese, and muriatic 
acid. These being placed in the flask, a, Fig. 94, and the heat 
of a lamp applied, the chlorine will rise, and pass down the tube 
into the globe, 6, where any water it contains is coiidcased. 
Rising from 6, the gas passes through the tube, c, contaiuhig 



Under what pressure is this gas condensed into a liquid 7 How many compouDds 
nf chlorine and oxygen are known 1 Do the compounds of chlorine and ojcyceo po»> 
seM any value in the arts? In what rrlation are the oompounda of ehkmaa aod 
ozyfen interesting? 
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chloride of catdum, by the absorption of which it will be de- 
prived of all moiatiiflre, so that it will arrive at «, which contaioB 
the sulphur, in a perfectly dry state. The globe, e, must bii 
gently heated by means of a spirit lamp, so as to melt the 
nilphur. 




P rr p a r atlBit if OiloHde of SuJpAur. 

By these means, the sulphur and clJorine are made to com- 
bine and pass in the gaseous state info the globe,/, which being 
kept eold by means of a stream of water from the cistern, h, 
the compound is'condensed into the liquid form. The quiin- 
tity of waf*r is regulated by means of the stop-cock, i, affixed 
to the tube, i, and falls from the globe into the dish, o. The 
superfluous gas passes off into the open air, bv the waste pipe, I. 
By this method small quantities of the cliloturet of sulphur 
may be formed. 

3G3. pROPERTiBS. — Chloruret of sulphur is a yellowish red 
fluid, of a-peculiw and disagreeable odor, whose boiling point 
is 346 degrees. It sinks iu water, by which, in a short time, it 
is decomposed, and resolved into hydrochloric and sulphuric 
acids, and sulphur. The chlorine combines witli the hydrogen 
of the water, while the oxygen of the water combines with one 
fourth part of the sulphur thus set free to form sulphuric acid. 
The remaining three parts of the sulphur are separated in the 
solid fonn. 

Chloruret of sulphur is composed of 100 parts of sulphur, 
and 110 parts of chlorine, by weight. 

By allowing chlorine to pass over this comjwund for a time, 

Wh»t In Itr ninmln wtiiht.nr Bh(mk*l «|uivk;«u of chlorin*! Wh»i ure itit 
Btmcp. Biid whit 1h««mbialniniimlwn.ari)u> finir eampoiiiid* nrchloniiE ud 
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another portion is absorbed, and a new compound is fimnedf 
which contains twice as much chlorine as the chlororet; this 
is a chloride of sulphur, and is of a dull red color. 

The chloruret dissolves sulphur, and is capable of taking op 
much more when heated than when cold. Hence, if the heated 
solution be saturated, and then cooled, beautiful crystals of sul- 
phur are deposited. 

CHLORINE AND NITROGEN. 
CHLORIDE OF MITEOQBN. 

Equivalent, 158. Symbol, CL4 N. 
4 eq. Chlorine, 144+1 eq. Nitrogen, 14. 

364. This curious compound was discovered by Dulong, a 
French chemist, in 1811. Chlorine and nitrogen have but a 
very slight affinity for eaeh other, but they may be made to 
combine, by passing a current of the first through a solution of 
nitrate of ammonia, (Nitric acid, it may be remembered, con- 
sists of the two elements, oxygen and nitrogen, and ammonia 
is composed of hydrogen and nitrogen. By the union of these 
two compounds, nitrate of ammonia is formed.) To prepare 
chloride of nitrogen, dissolve an ounce or two of the nitrate of 
ammonia, in 14 or 16 ounces of hot water, and when the solu- 
tion has cooled to about 90 degrees, invert in the solution a 
glass jar, with a wide mouth, filled with chlorine. The solution 
gradually absorbs the chlorine, and consequently, rises in the 
jar, at the same time acquiring a yellow color. In about half 
an hour, minute globules, of a yellow fluid, like oil, are seen 
floating on its surface. Hiese, by uniting, acquire the size of 
small peas, when they sink to the bottom of the vesSfel. These 
globules are the chloride of nitrogen. They are formed by the 
decomposition of the ammonia in the solution; the chlorine 
combining with its nitrogen, and thus forming the compound 
in question, A cup of lead, or glass, should be placed at the 
bottom of the solution, and under the mouth of the jar, to 
receive the product. 

365. Properties. — ^The chloride of nitrogen is the most vio- 
lently explosive substance yet discovered, and should not be ex- 
perimented upon by the student in quantities larger than a mus- 

What i8 said of (be affinity between chlorine and nitrogen 1 What is> the composi' 
tion of nitrate of ammonia f How is the chloride of nitrogen prepared ) WluU cbem* 
leal changes take place in the formation of chloride of nitrogen 1 What eautions art 
i^Wen wiUi respect to experimenting on this cumponnd ? 
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tard seed at a time, and even in this quantity, with great cau- 
tion. Both its discoverer, and Sir H. Davy, notwithstanding 
their experience and caution, as chemical experimenters, were 
seriously injured by its violence. At the temperature of about 
200 degrees it explodes, and at common temperatures, when 
thrown on some combustibles. When a small globule is thrown 
into olive oil, or spirit of turpentine, it explodes with such 
violence as to shatter any vessel of glass in pieces. 

The violence of its detonation is owing to the great volume 
of the products which are formed at the instant The com- 
pound consists wholly of the two gases, chlorine and nitrogen, 
condensed, and combined with each other. When, therefore, 
the explosion takes place, these two elements assume their gase- 
ous forms, thus, in an instant, occupying a vast space, when 
compared to their former state. 

Chloride of nitrogen consists of 

1 equivalent of nitrogen, 14 
4 " " chlorine, 144 

Making its number, 158 

IODINE. 

Equivalent, 126. Symbol, I. 

866. The next simple substance we shall examine, is iodine, 
Its name signifies in Greek, " violet colored," because, when in 
the state of vapor, it is of a most beautiful violet color. 

Iodine was discovered at Paris by a manufacturer of nitre, in 
1812. This substance is obtained from the lye made of the 
2U)hes of marine vegetables, or from the substance called kelp, 
or barilla^ which is an impure alkali, made during the manu- 
facture of soda. 

307. Preparation. — ^Dissolve the soluble part of kelp, or 
the ashes of sea-weeds in water ; concentrate the solution by 
evaj Miration, when crystals of carbonate of soda will appear, 
which must l)e s<*parated. Tlien |X)ur the remaining liquor into 
a <'I»*aii vt'sw'l, an<l mix with it an excess of sulphuric acid. 
\*Hn\ this liquitl for some time, and then strain it through a 
cloth. Put this liquid into a small flask, and mix with it as 

A( what t4fini»f raiure dort ih'tn cotnpounil explode 7 Whnt combustible suborances 
cauitr ti to f-xpiode at common tempf rntiir*^ ^ Explain the cauae of ita violent ex* 
ptoaioii. What are lli« combiniiMt numbpra for ita ronntituents, and aiao for the com* 
douikJ { What tiuf the name iodine aiiruify, and from what cireumatancet baa U 
dtrivtd Utf naina 1 By what procesa ia ioUiue prepared / 

JO* 
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rauch black oxide of manganese, by weiglit, as there was sul- 
phuric acid ; then attach to the mouth of the flask a glass tube, 
closed at the upper end, and apply the heat of a lamp to the 
flask. The iodine will be sublimed, and will attach itself to the 
tube in small brilliant scales resembling black lead. 

Iodine thus obtained is a friable solid, with a brilliant metallic 
luster, and bluish gray color. Its taste is hot and acrid, and it 
is sparingly soluble in water. It corrodes the cork of the nal 
in which it is kept, and escapes — is a strong poison when taken 
in large doses ; but in solution with alcohol, which dissolves it 
freely, has been considerably used as a medicine. 

When heated in a retort to about 250 degrees, it evaporates, 
and fills the vessel with an exceedingly rich violet colored gas. 
As the retort cools, it again condenses in fine biilliant points 
resembling frost on the glass. If exposed to the open air, it 
slowly evaporates, and if handled, it leaves a brown stain on 
the fingers. 

Iodine resembles chlorine in smell, and in some of its prope^ 
ties, particularly in destroying vegetable colors. Like oxygen 
and chlorine, it is a non-conductor of electricity, and is a nega- 
tive electric. So far as is known, it is a simple body. It has 
a strong attraction for the pure metals, and the simple non- 
metallic substances, such as sulphur and phosphorus. These 
compounds are called iodides. 

The best test for iodine, in its free state, is starch, with which 
it forms an insoluble compound in water, of a deep blue color. 
This test is so delicate as to indicate the most minute portion 
of starch in solution. 

Iodine combines with hydrogen, oxygen, and chlorine, form- 
ing hydriodic dcid, iodic acid, and chloriodic acid. Among 
these, the hydriodic acid, only, is of any importance or use. 

IODINE AND HYDROGEN. 

HYDRIODIC ACID. 

Equivalent, 127. Symbol, III. 
1 eq. Iodine, 126-f 1 eq. Hydrogen, 1. 

368. When iodine is heated in a porcelain tube with hydro- 
gen gas, the two substances combine and fonn a compound in 

What is the appearance of iodine 1 What are its sensible propertie* ? Whtt are 
its usesi What is the effpct when it is heated in a retort 1 When expotteil to the 
open air, what is the consequence 1 In what respects does iodine resemble cb'oriuc 1 
What is its electrical state ? Is iodine a simple, or a ronnpoiinr! bo<l7 ^ For wbatio^ 
tflAijce ha» iodine a strong attraction 1 What is the atomic weight of iodine 1 
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the forfil of a gas, which has acid properties, and which is 
rapidly absorbed by water. This is the hydriodic acid. 

This gas is without color, is very sour to the taste, reddens 
the blue colore of vegetables, and has an odor similar to muri- 
atic acid gas. 

It combines with alkalies, forming salts, called hydriodates. 

The discovery of iodine was one of the means of subverting 
the former doctrine, that oxygen was the universal acidifying 
principle, the above instance showing that compounds, having 
all the properties of acids, are formed by the combination of 
hydrogen with iodine. Several other instances of similar nature 
have been discovered, as in the case of muriatic acid. These 
instances appear, however, to be only exceptions to a universal 
principle, oxygen being stJU the acknowledged agent by which 
most acids are formed. 

369. Hydriodate of potash. — ^This is given a place here, 
instead of among the salts, because it is the only salt of the 
kind to be described, and because, in manufacturing this com- 
|>ouud, the method of obtaining the hydriodic acid is different 
from that stated above. It is the only hydriodate of any use 
or importance, and does not exist as a salt in a separate state, 
but only in solution. 

In preparing hydriodate of potash for medicinal use, the pre- 
liminary labor of forming the acid may be dispensed with, and 
the salt in solution may be formed by a very simple process, as 
follows : 

Add to a hot solution of pure caustic potash in water, as 
much iodine as it is capable of dissolving. This will form a 
solution of a reddish brown color, consisting of the iodate and 
hydrio<late of potash, together with an excess of free iodine. 

Through this solution, a current of sulphureted hydrogen 
f/an is transmitted, until the free iodine and iodic acid are con- 
vc*rt«;d into hydriodic ficid, changes which may be known to be 
accomplished by the api)earance of the liquid, which will 
;^dually lose its brown color, and become colorless and trans- 
{Kircnt. The solution is then heated to expel the remaining 
fulphureted hydrogen, and after being filtered, is pure hydrio- 

WliAt it the moiit delicate ttst for iodine 1 How may liydriodic acid be formed? 
Wliai are iia seiivible pnipfrtien 1 What arc the sallH calltrd which this acid forma 
With nikahf'K { How dotM tliis acid dcmonsirate th <l oxygen is not the universal 
H* iJ.iyinjc prinriiitf l Are there any otiier inMnncrs in wliicli an acid ifi formed with* 
out fixytfin ) V\ tut i> Haul rt-iative tiHluK^ «-xcf|it;on> to HKeneral principle 1 How 
li the I'lydnudale ot piitahii Cornxd ? What (I<i(h llie ri (ldl^h brown solution consist 
ef I How M It known when a fulllcii-nt quantity of sulphureUd liydrogen hu beea 
pumai ihrougli the solution of iodine ) 
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date of potash, in aqueous solution. This solution is consitler- 
ably employed, as a medicine, in scrofula, and other glandular 
diseases. | 

BBOMINB. I 

Equivalent, 78. Symbol, Br. 

370. Tlie name bromine is from the Greek, and signifies a 
" strong, or rank odor." 

Bromine, after undei^oing various and multiplied tortures, 
by means of the most powerful decomposing agents, is arranged 
as an elementary body, having endured fire, galvanism, ic^ 
without loss of integrity. 

It was discovered by Balard, of Montpelier, in 1826, and like 
iodine, exists in the ashes of marine vegetables, and idso in sea 
water. In the water of the Dead Sea it is found in large 
quantities. 

The process of extricating it is too intricate to be detailed in 
this work, nor woulil it ever be undertaken by pupils in chem- 
istry, for which this book is designed. 

Bromine is a fluid of a hyacinth red color, when viewed by 
ti'ausmitted light; but of a blackish red, when seen in the 
ordinary manner, or by reflected light. Its odor resembles 
that of chlorine, but is much more disagreeable. Like iodine, 
it corrodes wood or cork, and stains the fingers of a yellowish 
hue. Its specific gravity is 3. It is a strong poison. It is 
volatile at common temperatures, and emits red vapors similar 
to those of nitrous acid. 

A lighted taper is soon extinguished by it, but before going 
out it burns with a flame which is green at the base and red at 
the top. 

Bromine docs not turn blue vegetable colors red, but like 
chlorine, destroys them. 

From these properties it will be observed, that this substance 
has many characters in common with iodine and chlorine. 

Bromine combines with oxygen, hydrogen, and chlorine, but 
these compounds are little known, and of no interest except to 
professed chemists. 

What is the use of the hydriodate of potash? What does the name bromine wf- 
n'lfy l Is it an element, or a compound ? In what substance does it exist ? What ii 
the appearance of bromine ? In what respects is it similar to io<Hn^ ? In what re- 
spect does it resemble chlorine in properties? What is the equivalent number ol 
bromine? 
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rUJORINE. 

EquiTalent, 19. Symbol, F. 

3*71. It is a singular circumstance in chemistry, that the base 
of the fluoric acid has never been detached from the acid itself, 
notwithstanding every eflfoi-t has been made on the part of the 
chemists to effect a separation. It will be remembered, that all 
the other acids consist of a base united to an acidifying prin- 
ciple, and that the two elements have been examined in separate 
states. Thus, sulphuric acid consists of sulphur and oxygen ; 
carbonic acid, of carbon and oxygen, <fec. 

The base of this acid, however, has been named fltunin-e ; 
but whether this is united to oxygen, as the acidifying principle, 
or whether such a base exists or not, is unknown. Fluoric acid 
must, therefore, at present, be examined as a simple body, or in 
connection with substances to which it unites. 

This acid exists in nature in considerable quantities, being 
found combined with lime, forming the salt called fluate of lime, 
but more commonly known under the name of Derbyshire spar. 
This latter substance is found crystallized, and of various colors 
intermixed, forming, when polished, one of the most beautiful 
productions of the mineral kingdom. It is in common use, for 
vases, candlesticks, snuff-boxes, <fec. 

372. Process fob fcuobio aoid. — ^To obtain fluoric acid, 
a quantity of fluate of lime is powdered, and submitted to the 
action of twice its weight of strong sulphuric acid, in a retort 
of lead. On the application of a gentle heat to the retort, the 
acid distills over, and must be received in a leaden vessel. 

The retort and receiver. 
Fig. 05, made of sheet lead, ^^' ^ 

and soldered together on the . 
e<igi?s, and the juncture be- 
tween them stopped with a 
lute of clay, will answer very 

well. Tlie white fluor must Procettfor Ftuorie Acid. 

be selected for this purpose, 

as being most pure. It is first put into the retort, the acid 
iK>ure<l in, and then connected witli Uie receiver, which must 
tw surrounded with a mixture of common salt and snow, or 
powdere<l ice, to keep it cold. 

If «■ the Ikm of fluoric acid n«Trr b^n detached from th« acid itaelfl Is the same 
hue of any of the other acidN 1 What it ttie baae of fluoric acid called 1 1« " known 
that any myth bue exiata f What natural iutetance coiilaina fluorlo afsMI '*<*w ^ 
l«ork •cmI olHained from fluate of lime 1 
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Fluoric acid, at the temperature of 32 degrees, or the freezbtf 
point, is a colorless liquid, and wiH retain its liquid state, n 
preserved in well stopped vessels, when the temperature is 60 
degrees. But if exposed to the air when the temperature ii 
above 32 degrees, it flies oflf in dense white fumes, which «»- 
sist of the acid, and the moisture of the air with which k 
combines. 

No substance with which we are acquainted has so stzongtii 
affinity for water as fluoric acid. Its liquid state appears to he 
owing to the water which is distilled over from the sulphuric 
acid during the process of obtaining it, and no process yet de- 
vised has succeeded in freeing it entirely from moisture. When 
a single drop is let fall into water, a hissing noise is produced, 
like that occasioned by the plunging of a red hot iron into the 
same fluid, such is the heat produced by its combination with 
water. 

In experimenting with this fluid, the utmost caution is neces- 
sary ; for no substance so instantly and effectually disorganiies 
the flesh, and produces such deep and obstinate ulcers, as this. 
The least particle would inevitably destroy an eye, or create an 
obstinate ulcer on any other part. 

373. Process of etching on glass. — ^Fluoric acid has the 
singular property of corroding glass, and may be used for this 
purpose in the fluid state, as above described, or in the gaseous 
form, the latter of which is commonly the most convenient 

Any design may be etched on glass, by the following simple 
method : 

First, cover the glass with a coat of bees-wax, or engravers' 
varnish. If wax is used, it must be spread over the surface as 
thin as possible. This is done by heating the glass over a 
lamp, and at the same time rubbing it with wax. A thin and 
even coat may thus be obtained. 

Next draw the design by cutting the wax with a sharp 
pointed instrument, quite down to the glass, so that every line 
may leave its surface naked ; otherwise the design will be 
spoiled, since the acid will not act through the thinnest film 
of the wax. A large needle answers for a graver for this 
* purpose. 

Having made the design, the etching is done by placing 

What is the appearance of fluoric acid at the temperature of 32 decrees 1 What ii 
Its appearance when exposed (o the open air. at a temperature above 32 1egr«'*«'' 
What is said of the affinity of this sin^^lar acid for water 7 What is said of the MClion 
of this acid on the flesh 1 What is said of the action of flnoric acid on flaiil 
Describe tbe method of making designs on glan. 
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the glass in a horizontal position, and pouring on the liquid 
acid. But a simpler method is by the temporary extrication of 
the gas from the fluor spar, for the occasion. For this purpose, 
take a lead or tin cup, large enough to include the figures on 
the glass, the lower the better, and having placed on its bottom 
ft table spoonful of powdered spar, pour on it a quantity of 
strong sulphuric acid sufficient to form a paste. Then place 
the glass on the cup, as a cover, with the etching downward, 
and set the cup in a dish of hot water, or apply to it the gentle 
heat of a lamp, taking care not to melt the wax. In twenty or 
thirty minutes, the etching will be finished, and the wax may 
be removed with a little spirit of turpentine. In this manner, 
figures of any kind may be permanently and beautifully done 
on glass. 

Since the above was written, the composition and affinities 
of fluoric acid have been more minutely examined, and more 
appropriate names affixed to its compounds. 

Fluorine is the" hypothetical base of the hydrofluoric acid. 
The latter is the present name of fluoric acid. Its composi- 
tion is 

1 eq. Fluorine, 18+1 eq. Hydrogen, 1=19. 

8*74. Fluoboric acid. — A gas made by heating to redness a 
mixture of dry boracic acid, and powdered fluor spar. It is 
coloriesB, pungent, and produces a dense white cloud, when it 
escapes into a moist atmosphere. It is probably composed of 

1 eq. Boron, 11+6 eq. Fluorine, 108 = 119. 

875. Fluosilisio acid. — A gas obtained from a mixture of 
fluor npar and silex by the aid of sulphuric acid. The fluoric 
m'id pro<luced in the usual way is a fluosilisic, since fluor spar 
ii'*arly always contains more or less silcx. Its composition is 

1 eq. Fluorine, 19+1 eq. Rilicium, 8=27. 

Aflcr ibe dr«irii lit formed, hi whnt manner is tli« etchinfif dooel What is hydro- 
fluuric acid t What is the auoboric acid 1 Wliat is fluosiUsic acid 1 
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CHAPTER XVI. 

OWBIHAIIOIIB or SfflPlB KffN-SBTAIXIC COKBHSTIBIBS WTTE liCI 
OTHEB. 

CARBON AND HTDKOQEN. 



the 



KquiTdent, 8. 8jinbd,CH,. 
1 eq. Carbon, 6+2 eq. Hydrt^n, 2. 



376. This gas has also been called kydro-carbttrel^ and light 
iffammaile air. 
It esistB in every stagnant pool of water, e*pecUlly dnn« 
season, being generated by the decomporitiMi « 

igetableproducta. 



STl. How OBTAINED. 

— To obtain it from such 
pUc«6, fill a glass jar 
with wat«r, and invert it 
in a stagnant pool or 
ditch ; then stir the mnd 
under it with a stick, and 
the gas wilt nse and dis- 
place the filter in the 
jar To preserve it for 
examination slide a dish 
under the mouth of the 
jar while in the water, 
and then carffully raise, 
and carry the whole to 
the place of experiment, 
or make use of a bottle 
and tiinnel, as shown by 
Fig 96 

378 Pbopbbties — The 




> obtained is found to contain 



a proportion ol carbonic aeid gas, which may be rranoved by 
passing it through lime water. 



whU niMe hM IhiB g«t l>»n formtd ta Ihcopirmtion i>f nitnrel Hon 
ulntil from Btuiunl ponli of waierl Whal ma la eommonlT leun 
Ihiti Whkt liUHatamiccoinpoatlioaofCArburMed hydrofeDf 
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This gas is composed by weight of 

1 equivalent of carbon, 6 

2 " " hydrogen, 2 

8 

3*79. It is immediately destructive to animal life, and will 
not support combustion. It is highly inflammable, and bums 
with a yellowish blue flame, but owing to the carbon it con- 
tains, it gives considerably more light than pure hydrogen. 
Mixed with atmospheric air, like hydrogen, it detonates power- 
fully when inflamed. When burned with oxygen, the product 
of the combustion is water and carbonic acid. 

There appears to be several varieties of light carbureted hy- 
drogen, or perhaps the difference may depend on a mixture of 
the light and heavy kinds. If a volume of steam be sent 
through a red hot gun-barrel filled with charcoal, the gas ob- 
tained differs little in its illuminating powers from that obtained 
from stagnant pools. Nor is there any material difference be- 
tween these and that evolved by the burning of common wood, 
such as maple or beech, in a gun-barrel. But if pine wood 
containing turpentine, be heated in the same manner, the gas 
obtained has much greater illuminating powers, the brilliancy 
of the flame being nearly equal to that of oil gas. Now, as by 
analysis there appears to be only two kinds, or varieties, of car- 
bureted hydrogen ; in the first of which there is but one pro- 
portion, and in the second two proportions of carbon, it is most 
probable that these different powers of illumination depend on 
a mixture of the two gases. 

380. This gas sometimes exists in large quantities in coal 
mines, and is known by the miners under the name of fire- 
damp. The most shocking accidents have often occurred in . 
consequence of the explosion of this gas in the mines, when 
mixed with atmosphenc air. In some mines, this gas flows 
from the coal beds in vast quantities, being obviously the pro- 
duct of the decomposition of water by the coal. But in what 
manner the water is decomposed, is unexplained. Did the 
process consist in the fonnation of sulphiuic acid, in conse- 
quence of tlie oxygenation of the sulphur, and the subse- 
quent action of this acid on the iron of the sulphuret of iron, 

How (lor« it eflTfCt animitl lifft and combustion 1 When burned, why does (his ffai* 
give • aironfer light than pure hyilruireii 7 What ia iiaid conrerning the Keveral 
fartHiM of carbureted hydrogen 7 Uudf r what name la tliiH nidcnuwn, when U »>- 
con iu coal miiiea 1 In what naimtr U ibia gac formed In coan«dt 1 

20 
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thcro would be formed sulphurtted^ instead of carbmeted 

liydrogtjn. 

TIktc are no facts, it is believed, which warrant the sapposi- 
tioii, that ill ordinary cases, the decomposition is conseqaent 
\\\nA\ the heat, or ignition of the coal. Possibly in sudiTMt 
Ixnlios of coal as arc found to exist in some mines, the water ii 
slowly decomposed, by gradually imparting its oxygen to the 
<;;irbon, without the aid of heaL 1 

381. lilxpLosivE COMPOUND. — ^Wc havc already stated, thit 
when carbureted hydrogen is mixed with atmospheric air, and 
intianied, a violent explosion is the consequence. In the coil 
mines of England, the mixture of atmospheric air and the gai 
in ([uc^tion, ofti*n produces such an explosive compound. It 
a})])ears that the miners have no certain means of ascertaining 
the i)res('nce of this gas, probably because, being much lighter 
than the atmospheric air, it at first rises to the roof of the miuei 
and then gnidually descends toward the floor. As the minen 
work entirely by the light of lamps, one of which is suflSdent 
to set fire to the explosive compound existing throughout the 
whole cavern, it is obvious, that as soon as the hydrogen haa 
mixed with the air near the floor of the mine, in the exploding 
proportions, it must inentably take fire. It can readily be 
imagined, particularly by those who have witnessed the detona- 
tion of a pint or two of this compound, that a quantity cover- 
ing many acres of surfaC/C, and extending upward in some 
places, at least, sever<U hundred feet, must produce the most 
awful consequences. 

382. Explosion in Felling colliery. — Such explof^ions 
have often taken place in the cojil mines in difterent parts of 
England. That which happened in a mine called Felling col- 
liery^ in Northumberland, on the 25th of May, 1812, was at- 
tende<l with the loss of 92 lives, and spread poverty and wretch- 
edness throughout the whole district. Most of these men had 
wives and children, who depended entirely on their daily labor 
for support, and who, in addition to tlie loss of their husbands 
and fath<»r8, by so sudden and a\s'ful a death, were in a moment 
dej)rived of the means of subsistence. 

This mine had been wrought a century or more, and only a 
single, accident from fire-damp had before happened, and Uiis 

What are the remarks on this subject 1 What is the consequence, when this gas 
i8 mixed with atmospheric air aud inflamed? In what situatious is it nid that ex- 
plosive compounds are tinis formed? What is tlie reason that the miuen are uoC 
aware of the existence of this compound until the whole takes fire 1 What ounlMr 
of Uvea were destroyed by fcuchan exploaiou at Felling colUerj, in 18121 
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SO trifling, as only to slightly bum two or three workmen. 
Twenty-five acres of coal had been excavated in this mine, and 
the number of men employed under ground, at the time of the 
accident, was 128. The explosion took place between the 
hours of ll*and 12 in the morning. The fire was seen to issue 
from two shafts leading to the mine, and called William and 
Johrij and at the same instant, the noise of the explosion, which 
was heard three or four miles, and the trembling of the earth, 
showed that an awfiil accident had happened there. 

The force of the expanded gas was such as to throw from the 
two shafts immense clouds of dust, and small coal, which rose 
high in the air, and also pieces of wood and working imple- 
ments, which fell back near the shafts. As soon as the explo- 
sion was heard, the wives and children of the colliers came by 
hundreds to the place. But not a single person who was in 
the mine during the accident was to be seen. Terror and dis- 
may was pictured on. every countenance; some were crying 
out for a father, some for a son, aiid others for a husband. 

883. The machinery for entering the mine, being shattered 
by the blast, it was at first impossible to go down, but the ur- 
gency of the occasion soon impelled tliose present to find the 
means of entering the shaft ; and in about half an hour irom 
the time of the explosion, 32 persons, all who remained alive 
out of 121, who were in the mine, were brought out It ap- 
peared that of the whole number of the workmen, seven had 
oome up, on different occasions, before the explosion, and were 
unhurt. The wives and children of tliose who were known to 
be still in the mine, waited in a most heart-rending state of 
anxiety, and those w^ho had their friends restored, seemed to 
Rutfi'r nearly as much from excess of joy, as they had before 
doiK' from suspense and grief. These hurried away with their 
friends from the dismal scene, while those who were still in sus- 
pense, or whose hop(*s ended in the dreadful certainty that their 
husbands or fathers were indeed among the dead, still lingered 
aUmt the j»lace, silently enduring the torture of a forlorn hope, 
and uttering cri<« of agony and despair. 

384. As the fate of many of the men was still uncertain, be- 
CAUst: they were in difiercnt parts of the mine from tiiose who 
h»i been found alive, the exertions of those al>ove were un- 
remittfHl, and in tho course of an hour or two, many hundred 
lieojfli* had eoll<'eted around the shafts, all anxious to <lo every 
thing in tlieir jwwer for the sufferers. 13ut it wjis soon found 
that tlio pit in some places was still on fire, the gas probably 
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continuing to bum as it was extricated fix)m the coaL It wm 
also found by those who attempted to descend, that where the 
mine was not on fire, it was filled with carbonic acid gaa, the 
product of combustion, and that therefore it was impossible for 
any person to make further examination T^-ithodt inevitable 
death. Consequently all hope of finding any of the unfortunate 
porsous alive, who were still in the mine, was abandoned, and 
it was proposed that the shafts should be closed, in order to ex- 
ti«G:uish the fire. But the wives and children of the sufferers, 
distracted at the idea of seeing their firiends buried aUve, and 
still entertaining hopes of their recovery, made the most pitifiil 
importunities against such a course, while othefe became fiiintic 
with rage, and accused those, of murder who proposed it. The 
owners of the mine, therefore, in mercy to the feelings of these 
distracted widows and orphans, waited until all were satisfied 
that no hopes remained of ever again seeing their friends alive, 
when the two sliaft,s were closed with earth. 

385. To insure the extinguishment of the fire, the mine was 
kept closed from the 27th of May until the 8th of July, on 
which day it was again opened and ventilated. On this occa- 
sion, the lamentations of the widows and orphans were again 
renewed, and such was the crowd of people that assembled on 
the spot, some urged by feeling and others by curiosity, that 
constables were in attendance to preserve order. Those who 
descended to search for the remains of these unfortunate suffer 
ers, found no difficulty in breathing the air in the mine, but 
were struck with horror at the scene of destruction and mutila- 
tion, which the explosion hfid occasioned. 

The search continued until the 19th of September, when 91 
bodies had been found, brought up, and interred, but the 02d 
never was found. 

AVe have been thus particular in describing a single instance 
of the awful effects of the fire-damp in mines, that the readvr 
might fully appreciate the safety-lamp^ an invention made by 
Sir Humphrey Davy, expressly for the purpose of preventing 
such exj>losions, and which has proved completelv successful. 

380. Invention of the safety-lamp. — Before the invention 
of this lamp, such explosions were more or less common, and all 
tlie mines were subject to them, though none lias Ix^en attend<*tl 
with such destruction to human life as that of Foiling collion*. 

Does it appear that all excavated coal mines are liable to siich accidents ? Whal 
other ucciilcutsof the same kind tire noticed ? Who invented the la/ety-lamn, whicb 
protects the niinertt from such accidents ? 
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la 1815, such an occurrence happened in a mine at Durham, 
and destroyed 57 persons, and in another mine, 22 persons were 
killed in the same manner. 

The invention of the safety-lamp was not owing to accident, 
but is the result of inquiries \mdertaken and pursued expressly 
for the purpose of protecting the miners from such horrible 
accidents as we have described above. 

Sir Humphrey Davy commenced his inquiries, by determin- 
ing the proportions in which carbureted hydrogen and atmos- 
pheric air, in mixture, produce explosions; and found, that 
when the gas is mixed with three or four times its volume of 
air, it does not explode at all. When mixed with five or six 
times its bulk of air, it detonates, feebly, but when the air is in 
the proportion of seven or eight times the bulk of the gas, the 
explosion is most powerfiil ; and with fourteen times its volume 
of air, it still explodes, though slightly. He also found that the 
strongest explosive mixture would not Lake fire when in contact 
witli iron heated to redness, or even to whiteness ; while the 
smallest point of flame, owing to its higher temperature, caused 
an instant explosion. 

387. But the most important step in tliis inquiry was de- 
duced from the fact that fiame can not be communicated 
through a narrow tube. The fact itself was known before, but 
Sir H. Davy discovered, that the power of tubes, in this respect, 
is not necessarily connected with their lengths, and that a short 
one is as efficacious in preventing the transmission of fiame, as 
a long one, provided iti aperture be reduced in proportion to 
its length. Pursuing this principle, he found that fine wire 
gauze, which may be considered as an assemblage of exceed- 
mgly short tubes, was totidly impermeable to fiame ; and on 
making the experiment, it was found that a lighted lamp, when 
completely surrounded with such gauzx?, might be introduced 
into an explosive mixture, witliout setting it on fire. 

Thus, the means of preserving the miners, a most useful and 
laboriouM class of i>eople, from the dreadful efl'ects of the fire- 
damp, was at once developed. It only became necessary to 
burrouud tlieir lamps with a fine net-work of brass wire, to in- 
Wan this iiiTriilinii arcidcntol, or was the Raf^x-Iamp the reviilt of inquiry and ex- 
piTinifi-.t * In what |>rn|)orii<inH dul Hir II. Davy find that carbureted hydrogen 
■lid romnion air *-x\iUnUt\ with the Wut-t furro, and in what proportiuns wiili the 
|ir»-iiiri.f fiin'i' f What d d S<r II. Davy dihoover in riKptct to (he rommunicHtion of 
tfjiiif ihroush narrow tiib«H ? Ou pllr^uinir tliib intjiiiry, what did Hir II. Davv dit*- 
eoTrr With rriip'Cl to wirexauze ? On ihiH principle, how was it diacoverru ttiat 
ihr nuner» iinKht be protecl^d from txpIoiiiuDS ? in Hliftt manner do ttieM lampa 
ladiCAle the prvMiice of dancer 1 
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eiploMon. 
existence of danger, for when tlie fire-damp ii 
highly explosivo state, it takes fire within the game, and bnmi 
there, while the hght of the lamp itself is unseen. 'When (lie 
miners observe this indication of danger, they instantly l«*ie 
the mine ; for, although the flame njthin the gauze will oot 
communicate with the explosive mixture on tiie outside, nhile 
the gauze is entire, yet as a. high degree of heat would be kept 
up by the combustion within the lamp, the wire would soon 
become oxidated, and perhaps fell in pieces, when an instant 
explosion would be the consequence. 

388. The safety-lamp is represented » _„ _ 
by Fig. 97. The cistern, a, holds the 
oil, and is in all respects a complete 
lamp, with a spout at the side, for feed- 
ing it. On the top of this is set the 
cylinder of wire gauze, b, supported by 
three iron or brass rods, to which is con- 
nected the disc, or cover, c, and to the 
cover, the ring or handle by which the' 
whole is earned. The drawing, rf, is a 
piece of wire passing through a tube, 
showing the manner ii^ which the lamp 
is trimmed, and the wick r^scd, without 
making any dangerous communication 
between the outside and inside of the 
lamp. This tube passes through the cis- Sqftiyi<m^ 
terrk,contwning the oil. 

389. The reason why the wire gauie obstructs the comiuu- 
uication of flame is easily explained. We have already statt-d, 
that according ta the experiments of Sir H. Davy, the heat of 
flame is greater than that of a metal heated to whilencss, for 
the former occasioned ft mixture of air and gas instantly to ex- 
plode, while the iron, though white hot, produced no effect. 
Now the metals are all rapid conductors of heat; when, there- 
fore, the flame comes in contact with the wire, its temperature 
is 80 reduced by the conducting power of the metal, as to be 
iiicapable of setting fire to tho gas which is on the outsiJe. 
Any one may illustrate this principle, by holding a piece of 




Fig. 117, anil polnl (tq[ Ih« luesrilaHrenlpu-u. Eiplalii ihr>rekKiii Kby ibtHimi 
li DQi communiFited Ihroufh ilie win imuie. Hon our 'bl* prlnolpbtbe UliMnU' 
bj boldipf B piece of vIia gauze uiA Lhs houd Df er ■ cauUm 1 
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wire gauze over the flame of a lamp, and then bringing his 
hand over this, as near the lamp as he can bear. Now on re- 
moying the gauze, he will find that he can not for an instant 
bear the additional heat. 

CARBURET OF HYDROGEN. 

Equivalent, 28. Symbol, C4H4. 
4 eq. Carbon, 24+4 eq. Hydrogen, 4. 

OLEFIANT GAS. 

390. To prepare this gas, mix in a capacious tubulated re- 
torts three measilres of alcohol, with eight measures of undiluted 
sulphuric acid, and then apply the heat of a lamp. This mix- 
ture turns black, swells, and emits bubbles of gas in abundance, 
which may be collected over water, in the same manner as 
described for hydrogen. 

Alcohol is composed of- carbon, hydrogen, and oxygen. 
During this process, the oxygen of the sulphuric acid appears 
to combine \nth a part of the carbon of the alcohol, in conse- 
quence of which, sulphurous acid gas is evolved, and the hy- 
drogen is set free. At the same time, the hydrogen combines 
with another portion of the carbon, and escapes in the form of 
bicarbureted hydrogen. Or, perhaps, the evolution of the de- 
fiant gas is owing to the strong attraction which the sulphuric 
acid has for the water which the alcohol contains, and by com- 
bining with which, the hydrogen and carbon are liberated. 

defiant gas is colorless and elastic. It possesses no taste, 
and when pure, little smell, though, when not purified, it has a 
faint oilor of ether. When mixed with oxygen and inflamed, 
it explodes with violence. 

This gas is a little lighter than atmospheric air, 100 cubic 
inches weighing 29.64 grains. The weight of carbon in this 
comjH)sition is 25.41 grains, and the weight of hydrogen 3.23 
grains. 

Olofiaut gas, therefore, consists of 

Gnuni. 

Carbon, by weight, 24.31, or two atoms, 12 
Hydrogen, *' 4.23, " " 2 

20.04 14 . 



How Ui oleflaiit or bicarbur«t<'(t hv<Irof(eii ^ns ohtaiiitd 7 What it the co* 
of aic«>liol i Wtwit are the rhrmicai rliaujCH which lake place duriof tbe | 
<if uUtiaul fa«1 Whul arc the Kciwlble propi^rtk-a uf tbiw gaul 
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This gas may be decomposed, by passing it through a led 
hot porcelain tube, one proportion of carbon being deposited, 
in consequence of which it is converted into light carbureted 
hydrogen, which, as we have already seen, contains only 1 pro- 
portion of carbon to 2 of hydrogen. 

GAB LIGBTS. 

391. The olefiant gas, when pure, (with perhaps -a single ex- 
ception,) gives the most brilliant and intensely luminous flame 
of any known substance. The illuminating powers of other 
gases depend chiefly, if not entirely, on the olefiant gas they 
contain. In all cases, the light of any inflammable gas is in 
exact proportion to the quantity of carbon it contains. 

The flame of pure hy(kogen scarcely gives suflficient light to 
show the hour on a watch dial. When combined with one 
proportion of carbon, forming carbureted hydrogen, its li^t 
is greatly increased, and when combined with another pro- 
portion, its light beconies perfectly fitted for the purposes of 
illumination. 

392. Whbn first used. — Gas light, for the purpose of illu- 
mination, was first made and employed by Dr. Clayton, an 
Englishman, in 1739, but from some unknown cause, was given 
up, and neglected for sixty years afterwards. At length, Mr. 
Murdock instituted a series of experiments on the subject, and 
the gas distilled from coal began to be used, on a small scale, 
for lighting different factories in the vicinity of London. 

From that period, which was about 50 years since., gas lights 
obtained from coal, or oil, have gradually come into use, for 
the purpose of lighting streets, shops, and manufactories, in all 
parts of Great Britain, and is, at the present time, in common 
use on the continent of Europe, and in most 'large towns in 
America. 

For many years, the gas lights of London, and other parts 
of England, were supplied entirely by the distillation of bitu- 
minous coal, afterward impure oil, and, in some instances, rosin 
was used ; but at present we believe bituminous coal is almost 

Does it explode when mixed with oxygen and inflamed 1 What is the weifht of 
rarbon, and what the weight ofliydrogen, in this jras ? What is the atomic compon- 
tion, and wlint tlie combiuin<; number ol this (oras? How i8 olefiant gas dtcomiKMted 
and rt'solved into carbureted hydro^ren 1 What is said of the brilliant light of tlie ule* 
fiant gas? On what does the brilliancy of vas lights dt-peud 7 When were gas 
lights, for the pur})ose of illumination, first employed? From what sutwtance was 
^as lights first obtained 7 What is the substance now employed in this country, and 
m some parts of England, for this purpose 1 



QAB LIGHTS. 237 

uniyersally employed. In this countiy, the coal is imported 
from England. 

393. Advantages of gas lights. — In respect to the advan- 
tages of gas, on the morals of society, in great cities, Mr. Gray, in 
his Operative Chemist, says : " From the more brilliant man- 
ner in which our streets (those of London) are lighted by gas, 
than they ever were or could be by oil or tallow, there is a 
greater degree of security, both in person and property, for 
every class of honest men. Crimes can not now be committed 
in darkness and secrecy ; and as the risk of detection increases, 
the temptation to guilt is diminished, and thus coal gas, by the 
brilliant light it sheds on our streets, has worked, and is now 
working, a moral reformation. The house-breakers and pick- 
pockets dread the lamps more than the watchmen, and a more 
efficacious measure of police was never introduced into society, 
than that from gas lights." 

394. Gas works. — ^In large works, the gasometer is of im- 
mense size, being 40 to 60 feet in diameter, and 15 or 20 feet 
high^ and capable of containing from 20 to 50,000 cubic feet 
of gas. 

This is made of sheet iron, suspended by a chain, over a 
pnlley, and counterbalanced by weights on the other side. 
This &lls into a tank, or cistern, sunk in the ground. The tank 
being filled with water, the gasometer is let down into it, while 
the air escapes by opening a valve in its top. When the air is 
all excluded, the gas is conducted into the gasometer by a pipe 
coming from the retoris, and opening under the water. As the 
gas rises through the water, the gasometer is buoyed up, and 
rises also, and thus the vessel is filled with inflammable gas 
instead of air. 

From the gasometer, which is the great fountain, the gas is 
conducted by one large iron pipe, laid under ground to the 
place or street where it is burnt. It is then conducted in 
smaller pipes through the different streets, and from these pipes 
it is conveyed to the houses and shops by small tubes ; and 
tubes of still smaller size convey it to the burners where the 
liglits are wanted. 

The gas is measured by curious little machines called meters, 
one of which is in every house, and which indicate exactly the 
quantity consumed. 

What itf Mtitl of the influpnce of gaa lighta on the morala of Ixinclon 1 How is oil 
gM ounuf«ciur«-d 1 Uciicribe llie furuHce and retorts. How in the oil admitted into 
Che rtortm 1 1h large works, what is the size of the gasometer 1 
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• 

395. Portable gas. — ^As the burners are stationary, ii; the 
ordinary mode of lighting with gas, there exists an inconven- 
ience in its employment for the purpose of common household 
illumination, where the lights are often necessarily carried to 
different parts of a room, or from one room to another. There 
is also another inconvenience, which arises from the expense of 
laying conductors through streets where the houses are scat- 
tered, and consequently, where but a small quantity of the gas 
is w^anted. To remedy these defects in the ordinary method 
of lighting with gas, it has been proposed to condense the gas 
in strong copper, or brass lamps, at the gas works, and then 
transport tliem, thus filled, to the houses, to supply the place 
of common lamps. This, is distinguished by the name portable 
gas, and has been extensively employed in London and its 
vicinity, but is now out of use. , 

396. Illuminating power of gas. — The illuminating 
power of the oil gas is much greater than that of coal gas. 
According to the experiments of Mr. Accum, two cubic feet of 
coal gas will bum one hour, and give a quantity of light equal 
to three tallow candles, eight of which weigh a pound. But 
according to the experiments of Mr. Dewey, formerly superin- 
tendent of the gas works of New York, one cubic foot of oil gas 
will give light lor one hour equal to 8 candles, 6 to the pound- 
This agrees very nearly with the result of Mr. Ricardo's experi- 
ments, who found that a given quantity of oil gas was equal in 
illuminating power to four times the same quantity of coal gas. 
One gallon of clean whale oil will make 100 cubic feet of gas, 
which, according to the above statement, will bum 100 hours, 
and give as much light as 8 mould candles, 6 weighing a pound. 
Such an immense difference between the cost of gas, and other 
lights, would seem to indicate the propriety of establishing gas 
works in every village. But the expenses of erecting and tt^nd- 
itig small establishments of this kind, are such as not to yield 
any considerable profit to the owners. 

IIuw is the gaa conveyed into the gasometer 1 How is the gas conveyed from lh« 
fjasometers lo the gas burners t What inconvenience Is ejcnerienced in the u« oi 
ordinary gas lights'? How has it been proposed to remedy tnis defect 7 Under wtiat 
name is this condensed gas Icnown 1 Wliicli gas has the greatest ilhiminatinf ptiwt-r. 
that from the coal, or that trom oil 7 What is said lo be the comparative differriice 
between the illuminating power of coal and oil gns 7 What quantity of gas is it caid 
one gallon of oil will make, and how long will this gas burn 7 The cost of oil gna 
lii'liig much less than other lights, why are they not univenially used ) 



8ULPHIDX or HTDBOOBN. 8B0 



HYDROGEN AND SULPHUR. 

SULPHIDE OF BTDROGEN. 

Equivalent, 17. Symbol, SH. 
1 eq. Sulphur, 16+1 eq. Hydrogen, 1. 

39Y. This gas may be procured by placing in a retort some 
sulphuret of antimony, or iron, and pouring on it sulphuric or 
muriatic acid. The sulphurets of these metals may be prepared 
by heating either of them, in filings or powder, with sulphur ; 
or the natural sulphurets may be employed. The chemical 
changes, concerned in the formation of this gas, are as follows : 
The oxygen of the water which the acid contains unites with 
the metjd of the sulphuret, which metal is then dissolved by 
the acid. Thus, the hydrogen of the water, and the sulphur 
of the sulphuret, are both set at liberty, and having an afiinity 
for each other, they combine, and escape in the form of sul- 
phureted hydrogen. 

398. Properties. — Sulphureted hydrogen is a transparent,' 
elastic gas, which, both t<^ the taste and smell, is exceedingly 
unpleasant and nauseous, its odor being similar to that of putre- 
fying eggs. Under a pressure of 1 7 atmospheres, that is, under 
a weight equal to 255 pounds to the square inch, this gas is 
condensed into a colorless liquid, but again assumes its gaseous 
form, when the pressure is removed. 

This gas is instantly fatal to animal life, when pure, and even 
when diluted with 1500 times its bulk of air, has been found 
so poisonous as to destroy a bird in a few seconds. Like hy- 
drogen, it instantly extinguishes fiame, but is itself inflammable, 
and bums with a pale blue flame. The products of its com- 
bustion are water and sulphuric acid. The composition of this 
gas being hydrogen and sulphur, the water formed during its 
coml)U8tion is the product of the union between the hydrogen 
and the oxygen of the atmosphere, during the act of combus- 
tion, wliilo the sulphuric acid is formed by the uniourof the 
oxygen of combustion with the sulphur. 

Sulphureted hydrogen tarnishes silver, and even gold, and 
blackens paint made with preparations of lead. This gas is 

Ifiiw m.iv tfuiiiliurcteii hydrojrni) be procurid ) What chemical cliaogestHke place 
by which ihiti fraa is cvolvcil { What are tiie lunH-ble pro|)eriieH ofthiH gas / Under 
what pn-wturt* may IhlH utm h«> condt'iined iiilo a liquid 1 Does it remain liquid when 
. Uit prcwure ia rrin«ived ) What iv vaid of the poihonoua effecia of this gaa I What 
are llie eflccta of pluojriuf a burning candle into tUia gat 1 When this gaa ia burnetl, 
what ant tlM products of eombualion 1 Wbenca come the water and tulphurio 
■Tttl T \Vh«l >• ita eflTrcla on the m^tnli ' 
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often generated during the decomposition of animal piodiicts, 
in sink drains and ditches, and hence the paint of white lead, 
about such places, often becomes black in consequence. Eggs 
contain a small quantity of sulphur, which, on boiling, is con- 
verted into sulphureted hydrogen, and hence a silver spoon is 
instantly tarnished by coming in contact with a boiled e^. 

The composition of sulphureted hydrogen by weight, is as 
follows : 

100 cubic inches of this gas weigh 36 grains. 
This is composed of sulphur, . . 33.39 " 

" hydrogen^ . 2.11 ** 
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HYDROGEN AND PHOSPHORUS. 

PHOBPBIDE OF HYDROOBN. 

Equivalent, 35. Symbol, PH3. 
1 eq. Phosphorus, 32 + 1 jq- Hydrogen, 8. 

399. This compound consists of hydrogen, in which is dis- 
solved a small quantity of phosphorus. It may be formed in 
several ways. One of the most simple is the following : Into 
five parts of water put 15 or 20 grains of phosphorus, cut into 
small pieces. It must be cut under water to prevent its taking 
fire. Then add one part of granulated zinc, and pour in three 
parts of sulphuric acid. 

The gas will instantly rise through the water in small bub- 
bles, and will take fire spontaneously on coming in contact with 
the air. Each bubble, as it takes fire, will form a horizontal 
ring of white smoke, which will gradually enlarge as it rises, 
until lost in the air. ' The cause of this curious appearance is 
owing to the formation of a small quantity of phosphoric acid 
by the combustion of the phosphorus, and which, having a 
Btrong affinity for moisture, attracts it from the atmosphere, and 
thus Ibrms a little ring of dew, which is visible to the eye. 

Phosphureted hydrogen may also be obtained by placing 
some pieces of phosphuret of lime in water, when the gas will 
be extricated, and will rise through the water as above described. 
{^See Pkosphuret of Lime.) 

What is the composition of 100 cubic inches of this gtiB by weight? How Ispho^ 

Shureted hydrogen formed ? Wliat singular property does this gas posses* T uow 
I the ring of white smoke accounted for, which rises sfter the combuiitiOQ of • babMt 
of this gas 1 
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This gas detonates with great yiolence when mixed with 
oxygen, and forms a dangerous explosive compound with 
atmospheric air; consequently, much caution is required in 
making experiments with it. 

When a bubble of phosphureted hydrogen is allowed to mix 
with oxygen, a flash of the most vivid light is spontaneously 
produced, which, in a darkened room, resembles lightning. 
The safest method of performing this beautiful experiment, is to 
let up into a small strong bell glass, or a thick glass tube, a 
few ounces of oxygen gas. Then, having collected a little of 
the phosphureted hydrogen in a small vial, hold the bell glass 
in the left hand, with its mouth under water, and with the 
right hand manage the vial, so as to let only a single bubble at 
a time escape into the oxygen. The detonation of each bubble 
will produce a considerable reaction on the bell glass, which 
will be felt by the hand. But if the experiment be performed 
as described, there will be no danger of an explosion. 

The gas above described is called per-phoaphureted hydro- 
gen^ denoting, as already explained, the highest degree with 
which one body unites with another. It is so called to distin- 
guish it from the proto-phosphureted hydrogen^ which contains 
only half the quantity of phosphorus, and is a much less inter- 
esting compound. 

Per-phosphureted hydrogen consists of 

1 equivalent of phosphorus, 32 
8 ** ** hydrogen, 8 

85 

NITROGEN AND CARBON. 
BICARBIDK OF NITAOOBN. 

Equivalent, 26. Symbol, Cs N. 
2 eq. Carbon, 12+1 eq. Nitrogen, 14. 

400. By boiling together red oxide of mercury and Prussian 
blue in powder, with a sufficient quantity of water, there mav 
be obtained a compound which shoots into crystals, and which 
was formerly called prussiate of mercury, but is now known by 
the name ot cyanurct of mercury. 

With what wlMUncai dora phocphuretcd hydrogen afford danferooa Af^fJ^^ 
eonpounfia 1 Whaf dirfctioua are f (Ten fi>r admiuTnf bubbles of thlajpulote on* 
gm 1 What ki tha eqnkalenl aompoaKloo of par-pboi|iliurttad ^TdrqgM 1 |I0W 
Majr cjramirH of mercury be fbrmea f 
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When this salt is heated in a retort^ it turns black, the tj- 
anogen passes over in the form of a gas, and the mercury is 
revived, or assumes its metallic form. 

This gas has a pungent, disagreeable odor, bums with a pur- 
plish blue flame, extinguishes burning bodies, and is reduced to 
a liquid under the pressure of about three and a half atmoa- 
pheres. This gas must be collected over mercury. 

100 cubic inches of this gas weigh 55 grains, and is found to 
be composed of 

2 equivalents of carbon, 12 
1 " " nitrogen, 14 

26 its combining number. 

Cyanogen, though a compound gas, has the singular property 
of combining with other substances, in a manner perfectly sim- 
ilar to the simple gases, such as oxygen and hydrogen. 

The term cyanogen comes from two Greek words, signifying 
to/orm bluey because it is an ingredient in Prussian blue. 

nTDKOCTANIC ACID. 

Equivalent, 27. Symbol, HCy. 
1 eq. Cyanogen, 26 + 1 eq. Hydrogen, 1. 

PRU8SIC ACID. 

• 

401. Cyanogen is obtained by simply heating cyanuret, or 
prussiate of mercury, as above described. Hydrocyanic, or prus- 
sic acid, is composed of cyanogen and hydrogen. It may be 
obtained by heating in a retoi-t a quantity of prussiate of mer- 
cury with two-thir£ of its weight of muriatic acid. Duringf 
tliis process there takes place an interchange of elements. The 
cyanogen of the cyanuret of mercury unites with the hydrogen, 
forming hydrocyanic acid, while a muriate of the peroxide of 
mercury remains in the retort. 

But a more common method of making prussic acid is the 
following : 

402. Process for prussic acid. — Mix together, in a con- 
venient vessel, four ounces of finely powdered Prussian blue, two 

How is cyanoj^en procured ? What are the properties of thia ga^at What ia tbt 
equivalent composition of this gas, and what is its combinini; number 1 Whence 
comes the name of tliis gas ? How may hydrocyanic, or prassic acid, be formed bf 
means of prussiate of mercury and muriatic acid ? What are the iDterchanfet ol 
elements which take place durmi; this process ? What ia the more common mslbod 
described for making prussic nrM '* 
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mod a half ounces. of red oxide of mercury, and twelve ounces 
of water. Boil the mixture for half an hour, now and then stir- 
ring it. The blue color will disappear, and the solution will 
become yellowish green. Filter the solution, and wash the 
residuum by pouring on boiling water, in quantities sufficient to 
make up the loss by evaporation, and let this aliBo pass through 
the filter. 

Put this solution, which is a prussiate of mercury, into a re- 
tort containing two ounces of clean iron filings, then connect the 
retort with a receiver, and place them on a lamp furnace, as 
represented by Fig. 98, taking care that 
the juncture be made air-tight, which may 
be done by winding a wet rag around the 
neck of the retort. Next pour into the re- 
tort one ounce of sulphuric acid, diluted 
with three or four parts of water, and stop 
its tubulure by passing in a straight glass 
tube, which had been ready prepared by 
being passed through a cork. Then light 
the lamp, and distill with a slow heat, until 
three ounces of prussic acid is obtained. 
The receiver must be kept cold, and also 
from the light, by being covered with a wet 
cloth. 

The fumes of this acid are exceedingly 
poisonous, and therefore the lamp furnace 
should be set in a fireplace during the pro- 
cess, so that they may escape up the chimney. There is a com- 
plicated interchange of principles which take place in tliis pro- 
oesa, which Schecle explams thus : In Prussian blue the prussic 
acid exists in combination with iron. The red oxide of mei-cury 
having a stronger attraction for this acid than tlie iron has, the 
Prussian blue is decomposed, and a prussiate of mercury is 
form<Kl, which is soluble in water. On the addition of tlic iron 
filings and sulphuric acid to this solution, the iron absorbs the 
oxygon from the niercuiy, which is then precipitated in the me- 
tallic form, and at the same instant the iron is thus oxidized, it 
ig dissolved by the sulphuric acid forming the sulphate of iron. 
Tlius, tlio prussic acid is liboratod, lj<*cause it does not combine 
with tlie ini^talH, but only with their oxid(*8, and as the iron de- 

Whst i« Mid of the poiKonoua qualitv of the fiimeiof thii acid, and of the precau- 
CiwM to avoid throi 1 Extilnin caremlly (he complicated iiiterchaoffe oi chemical 
princi|iU<« ttiat UkM place by thia proceaa. What la tbf appearance of the acid Uhm 
AMalirMi T 
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privcs the prussiate of mercury of its oxygen, the pnunc add 
romniiis free in the solution of the sulphate of iron, and bong 
volatile, readily passes over into the receiver, by a gentle heaL 
The hydrocyanic acid thus obtained, is a perfectly colorleM, 
limpid fluid, and can not be distinguished by the eye from dis- 
tilled water. It has a strong odor, resembling that of peach 
blossoms, and when much diluted has the taste of bitter 
almonds. 

403. A MOST DEADLY POISON. — ^Prussic acid is the most 
active and powerful of all known poisons. A single drop placed 
on the tongue of a dog causes his death in a few seconds ; and a 
servant girl who swallowed a small glass of it, diluted with alco- 
hol, fell down instantly, as though struct with apoplexy, aod 
died in two minutes. A professor at Vienna, having prepared 
some of this acid in its most concentrated state, by way of ex- 
periment, difiused some of it on his naked arm, and was killed 
thereby in a short time. 

These instances not only show the terrific and mysterioos 
effect which this substance has on the animal economy, but thcj 
also show what extreme caution is necessary in preparing and 
using it. When much diluted, it has, however, been considera- 
bly employed as a medicine, in cases of consumption, and often 
with good effect. • 

404. Observations. — Although the investigations of chem- 
istry have developed this substance, than which, even lightning 
itself is scarcely more prompt, or sure, in destruction, still the 
wisdom of Omniscience has connected circumstances with its 
production and nature, which, in a great measure, will always 
prevent its employment for criminal purposes. The process by 
which it is made, requires more chemical skill than generally 
falls to the lot of unprincipled and vicious persons ; and when 
obtained, its active properties are so evanescent, as never to re- 
main more than a week or two, without peculiar treatment, and 
sometimes it becomes nearly inert in a few days. The odor, 
also, which is distinguished in animals destroyed by it, is often 
the sure means of detection. 

The commencement of its decomposition is marked by the 
reddish brown color of the liquid, and, in a short time after, it 
becomes black, and deposits a thick carbonaceous substance, at 

What is the Bmell of this acid? What caRfs are mentioned of it« noiponoofl 
eflffcls ? For wliat purpoRefi in this acid employrd when much diluted ! Svhai cir- 
eumrtances are coitnfcted with the proiiiiciioir aud nature of this ac'id, which il ii 
■aid will ^prevent its emp!oyment for wicked puriKtoeB ? 
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the same time it loses its peculiar smell, and emits that of am- 
monia. In this state, the prussic acid has none of its former 
properties, but becomes entirely inert and worthless. 

This substance possesses the sensible qualities of an acid only 
in a very slight degree, being hardly sour to the taste, and pro- 
ducing but very little change in the blue colors of vegetables. 
It however performs the office of an acid in combining with 
alkaline bases, forming "salts, called prussiates, or hydrocyanates, 

405. Composition of. — The following is an example, by 
which the composition of a substance may be found, when one 
of its elements can be made to combine with a third body, in a 
known proportion. By a previous experiment it was ascertained 
how much cyanogen would combine with a given proportion of 
]K)tassium, tlie basis of potash. Then, Gay Lussac exposed to 
tlie action of 100 measures of prussic acid, heated so as to be in 
a state of vapor, a quantity of potassium precisely sufficient to 
al>sorb 50 measures of cyanogen. By this process, cyanuret of 
potassium was formed, and exactly 50 measures of the vapor of 
prussic acid was absorbed, leaving 50 measures of pure hydro- 
gen remaining in the vessel in which the experiment was 
made. 

From this experiment, it appears that prussic acid is com- 
posed of equal volumes of cyanogen and hydrogen, and there- 
ft^re that they combine in the ratio of their specific gravities, 
that is, tlie weight of the vapor of prussic acid must be the 
combined weights of cyanogen and hydrogen, of an equal 
bulk. 

406. Atomic WEioirrs of. — Now the specific grafvity of hy- 
drogen is known to be 0.0694, and cyanogen gas, 1.8044, air 
being 1000. Cyanogen, therefore, is 26 times as heavy, bulk 
for bulk, 2A hydrogen, and since they combine in equal propor- 
tions, by volume, to form prussic acid, it follows that this acid 
consists of an atom of hydrogen united to an atom of cyanogen, 
am], therefore, that an atom of cyanogen gas is 26 times as 
heavy Jis an atom of hydrogen. Thus, the atomic weight of 
cyanogen is 26, that of hydrogen being 1, and the specific 




\h * ah iir|ili<>ii / From iliih f xpi rirm nl. what iip|)VHr8 lu br the roinpo.oil'on of 

Cruf.Mr AC <i. liy vuliinif. ; mi,! ttifrtliin-. the vnpor ot prtibhic acidronsihii*"' [•'•* «'»»ni- 
nrii wriclii <>l wliMt I lltiw lll»«■^ it ui^poar that cyanogen in 26 timeii an utavy mm 
liydrutfriiT iMuUiplyO.UGM by 2C.J ^ 

21* 
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gravity of the vapor of pmssic acid being the medium between 
them, is 0.9369, because 0.0694, the specific gravity of hydro- 
gen, added to 1.8044, the specific gravity of cyanogen, makes 
1.8738, the medium or half of which is 0.9369, the specific 
gravity of the vapor of prussic acid. 

The composition of prussic acid may therefore be stated 
thus: 

By Tdarae. By wei^t. 

Cyanogen, 60 1.8044 26, one atom. 

Hydrogen, 50 0.0694 1, one atom. 

100 acid vapor. 27 atomic weight 

Thus the atomic weight, or equivalent number for cyanogen 
is 26, and that for prussic acid is 27. 

The above will serve as a practical example of the method 
of finding the atomic weight of a constituent, under similar 
circumstances. 

CARBON AND SULPHUR. 
BULPHIDB OF CARBON. 

Equivalent, 38. Symbol, CSj. 
1 eq. .Carbon, 6+2 eq. Sulphur, 32. 

407. Preparation op. — ^This singular and interesting com- 
pound, as the name indicates, is composed of sulphur and ca^ 
bon. These substances unite only in one proportion; by 
merely heating them together, no combination takes place, tbe 
sulphur bums away, or passes off in vapor, and the charcoal re- 
mains unchanged ; but by bringing the vapor of sulphur into 
contact with charcoal at a red heat, the combination takes place 
immediately. For this purpose a porcelain tube is sometimes 
employed, but one of cast-iron, or a gun-barrel, coated with clay 
on the inside, is better. For this purpose, the day is formed 
into a thin paste, with water, and poured into the tube, this 
being at the same time rolled so that the clay will cover every 
part After one coat is applied, and dried by heating the tub^, 
the same process is repeated, until the surface is well covered, 

How does it appear that an atom of cyanogen is 26 limes as heavy as one of hydro- 
gen 1 [Because Ihey combine in equal volumes, hut cyanogen welehs 26 times lh« 
most.] What then is the weight ofan atom of cyanogen, that of hydrogen being 1 1 
What is the ppecil5c gravity of the vapor of pru^8ic acid, it being the medium be- 
tween those ol cyanogen and hydrogen 1 From these data, what Is the eompotii.ou 
of prussic acid, by volums and weight 1 What is the equivalent number ibr pnikMC 
acid 1 • 
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•nd the iron is thus protected from the action of the sulphur. 
Kthe tube is not well prepared, the experiment will fiul entirely, 
anoe the action of the sulphur in a few moments would destroy 
the iron. 

The tube, well covered, is filled with burning charcoal, and 
laid in the furnace. Fig. 99, until it attains a white heat. The 
end, by of the tube is closed with a piece of clay, and at a there 

FIG. 99. 




Preparation of Sulphide of Carbon. 

is an aperture for the admission of the sulphur; this is also fur- 
nished with a stopper of clay. A long glass tube, o, is attached 
to the iron pipe at c, and passes into the capacious flask, j^ 
through an aperture in the side. In lite absence of such a 
flask, a double necked bottle will do. A waste pipe, m, arises 
from the flask, and leads into the open air through a window, so 
as to avoid the fumes of the sulphur. At the bottom of the 
flask some water is placed, to receive the product of the experi- 
ment The flask and glass tube should be kept cold during the 
whole process. For this purpose, the tube should be sur- 
rounded by a cloth kept wet with water from the cistern, e, and 
the flask surrounded with ice. 

When the apparatus is ready, and the iron tube is at a white 
heat, the stopper a is to be removed, and pieces of sulphur 
dropped in, and the stopper instantly returned to its place. 
The sulphur instantly melts, and in passing through the hot 
tube, which is a little inclined, is converted into vapor, and at 
the same time unites with the charcoal, to form the compound 
in quej(tion. 

The sulphuret of carbon, being condensed by the cold tube, 
flows along into the fliisk, and sinks in the water it contains. 

408. Anothkr METiion. — A more simple method of pro- 
ducing the sulphuret of carbon, where it is designed to make it 
in quantities, is the following : 
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A cast-iron cylinder is produced, haying a cover throog^ 
which pass the tuhes, 6, c, Fig. 100. The cylinder is to be 
coated with clay in the manner ahove described for the iron 
tube, and then filled with charcoal, the tube, 6, being in its 

F16. kwl 




Sulphide of Carbon. 

place as shown by the figure. The cylinder is then to be 
placed in a furnace, and heated to redness, and then the sul- 
phur introduced through the tube, b, the aperture of which 
must be immediately closed. The melted sulphur, passing 
down the tube to the bottom of the cylinder, is there converted 
into vapor, and passing through the ignited charcoal comlNnes 
with it, and rises by the iron tube, c* into the glass tube, f, 
along which it is condensed. The tube, rf, leads from a cistern 
of water, which is allowed in small quantities to run in a trough 
containing the glass tube, and from which it is conducted by 
the string, A, to the dish, x. The sulphuret as it is formed, 
passes down the tube,/, into the vessel, n, this being half filled 
with pounded ice. The waste pipe, m, conducts away any 
superfluous gas which is generated during the process. 

whenever all is prepared, as above described, the introduc- 
tion of small quantities of sulphur by the tube, 6, will insure the 
production of the compound in question, so long as any char- 
coal remains in the cylinder. It is apt, however, to contain 
some impurities, and must be distilled with chloride of calcium. 

409. Properties. — Pure sulphuret of carbon is transparent 
and colorless, and insoluble in water. It has a strong, disagree- 
able smell, peculiar to itself, and is soluble in alcohol, and ether. 
Its specific gravity is 1.2V2, and it boils at 127 degrees, evapor- 
ating very rajndly during the process. Its freezing point is 60 
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degrees below zero. In the open air, it is. exceediQglj volatile, 
aikd the cold it thus produces is intense. Under the exhausted 
receiver of the air-pump, the evaporation of course. is still more 
rapid. In this situation, a thermometer hulb, covered with fine 
lint, and moistened with this fiuid, carried off the heat so rapidlj 
by evaporation, that the mercury was frozen in the tube, and 
and on substituting an alcohol instrument, the fluid sunk down 
to 80 degrees below zero. Sulphuret of carbon is soluble in 
fixed and volatile oils, and it dissolves camphor, phosphorus, 
and sulphur. When the two latter substances are dissolved in 
it separately, the evaporation of the fluid causes crystals of them, 
of remarkable regularity and beauty, to be deposited.. 



CHAPTER XVII. 



THE METAlS. 



TABLS OF THK DIBCOVERV OF THB MBTAIil. 



Namn of iMUla. 

G(dd, 

Sflver, . . . 
Iron, 
Copper, 
Mercury, . . 
Lead, . . . 
T^, . • . . 
Antimony, 
Biflmuth., . . 
Zmo, . . . 
Aisenio, . 
Cobalt,. . 
Platinmn, . 
Nickel, . . 
M^ganese, 
Tnngsten, . 
Tellurium, . 
Molybdenum, 
Uranium, . 
Titanium, . 
Chromium, 
Columbium, 
Palladium, . 
Rhodium, . 
Iridium, 
Osmium, . 
Cerium, . 



Aatfion of tbs diaooVtrj. 



> Known to the anoients. 



Described by Basil Valentine, 1490 

. Described by Agricola, 1530 

. First noted by Paracelsus, 16th century. 

* > Brandt, the chemist, 1733 

. Wood, assay-master, Jamaica, ....... 1741 

. Cronsted, 1751 

. Grahn and Scheele, 1774 

. Dr. Elhuyart, 1781 

. Muller, 1782 

Heihn, 1782 

. Klaproih, 1789 

. Gregor, 1791 

. Vauguelin, 1797 

. Hatchett, 1802 

•|Wollaston, 1803 

. Descotils and Tennant, 1803 

, Smithson Tennant, 1803 

. Hitflinger and Berzelius, .... 1804 
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TABLB OP THE DBOOVBET OP THK KSrALS. — COHOUDSUI. 

NaiBM of meUliL ▲othon «f At dkeevwjb 

potaashim,. 
Sodium, 

Barium, . I ^ Sir Humphrey Davy^ 1807 

Strontium, . 
Caloium,^ . 

Cadmium, . . Stromyer, 1818 

Lithium, . . Arfwedscm, •••• 1818 

Zirconium, . Berzelius, •••• 1834 

Aluminum, . } 

Glucinum, . . > Wohler, 1828 

Yttrium, . . ) 

Thorium, . . Berzelius, 1839 

Magnesium, . Bussy, 1829 

Vanadium, . Sefetrom, 1830 

Lanthanium, . Mosander, .•..••••••'.,. 1839 

Didymium, . ) 

Erbium, . .[Mosander, 1840 

Terbium, . . ) 

Kutherium, . Klaus, •»• 1^ 

Pelopium, 

Niobium, 

Donarium, . Bergman, . 1848 



•|h. Rose, 1846 



GENERAL FROPERTIB8 OP THK METAL8. 

410. The metals form the most numerous class of undecom- 
posed, or elementary bodies. They possess a peculiar luster, 
called the metallic^ which continues in the streak, or when they 
are reduced to small fragments. They are all conductors cJ 
electricity and caloric. They are fusible, at different tempera- 
tures, and in fusion retain their luster and opacity. They are, 
in general, good reflectors of light, and with the exception of 
gold, which, in the thinnest leaves transmits a green light, they 
are perfectly opaque. 

Many of the metals may be extended under the hammer, and 
are hence called malleable, or under the rolling press, and are 
called laminable, or may be drawn into wire, and are called due- 
tile. Others can neither be drawn into wire, nor hammered into 
plates, but may be ground to powder in a mortar ; these are 
called brittle metals. 

The metals are capable of combining with each other, in any 

Have any of the metals been decomposed ? What is the peculiar hitter of Dm 
metals called 1 What imponderable agents do all the metals coudiict t Are ail lb« 
metals opaque? What are malleable, laminable, and ductile metals? What are 
brittle metals ? What is ah alloy 1 What is said of the specific gravity of the metalil 
What are the properties in rcppect to which the mrtaUi dlflfer I 
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propoitioii, when melted together, and stioh compounds are 
called alloys. 

With a few exceptions, the metals have the greatest specific 
gravity of all bodies. Potassium and sodium swim on' water, 
but with these exceptions, the lightest among them, cerium, is 
about 5i times the weight of water ; platinum is more .tfian 20 
times heavier than the same bulk of water. 

The metals differ in respect to brilliancy, color, density, hard- 
ness, elasticity, ductility, tenacity, conductility for caloric and 
electricity, fusibility, expansibility by heat, stability, odor, and 
taste. 

411. Metals posftive electrics. — ^When combined with 
oxygen, chlorine, iodine, or sulphur, and the resulting com- 
pounds submitted to the action of galvanism, the metals with- 
out exception are revived, and appear at the negative side of the 
battery, hence all the metals are positive electrics. 

The malleable metals, such as gold, silver, and iron, in what- 
ever manner their surfaces are increased, if this is done rapidly, 
grow hot, and crumble under the hammer, or press, and finally 
refuse to be extended any further. It then becomes necessary, 
if their surfaces are to be further extended, to anneal them, ' 
which is done by exposure to a red heat, when they become 
soft and malleable as before. It is probable that this change is 

Eroduced by a quantity of caloric which the metal retains in its 
itent state, and by which its particles are prevented from form- 
ing so compact a mass as before. When the metal is again 
drawn under the hammer, or press, it grows hot, and at the 
same time is increased in density and specific gravity, the caloric 
before absorbed being given out, and the metal is again ren- 
dered brittle by the process. 

412. All the metals become fluid by heat. — All the 
metals are converted into a fluid state by suflficient degrees of 
beat. In this respect there is a vast difference in the different 
metals. Mercury is a fluid at all common temperatures, and 
diKM not assume the solid form unless exposed to a temperature 
uearly 40 degrees below the freezing point, while platina and 
columbium continue solid under the highest heat of a smith's 
forge, and only become fluid under the heat of a compound 
blow-pipe, or the action of the most powerful galvanic battery. 

What Is the elfctrical itate of the metals 1 Wlien the surfaces of the malleable 
mcfsJiiU'e suddenly increased, what effect is thereby produced on their temperature I 
Wbvn is it necessary to anneal a metal 1 How is the procens of annealinit suppuscKl 
U» affect the mrtal.so as to restore its malleability? By what means »n«y. »" JU« 
MHala b« rendered fluid I Wlial is Mt:d of the different temperatures at wblch tlM 
adals b«eom« lluui 1 
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TABLE OF THB ItTSIBIUTT OF THB MBTAIA 

FU8IBLB BBI.OW A BBS HBAT. 



Mercury, 
Potaflsium, 
Sodium, 
Tin, . . 
Bismuth, 

Silver, . 
Copper, 
Gold, . 



Fate. 

. 39 deg. 
.136 " 
. 190 ** 
. 442 " 
. 497 " 



Lead, . . 
Tellurium, . 
Zinc, . . 
Antimonj, 
Cadmium, 



nrFUSIBLB BBLOW A RBD BBAT. 



2283 deg. 

1996 

2016 



(( 



u 



Iron, (cast,) 
Cobalt, . . 



Fate; 

594 d^. 
620 " 
773 " 
800 ** 
442 « 



3479 deg. 
2800 ** 



BBdVIBB THB HBAT OF A FOBOB. 



Iron, (malleable,) 
Manganese, 



Nickel, 
Palladium. 



BBdUXRIMa THB OOMPOUBD BLOW-PIPB. 



Molybdenum, 

Uranium, 

Tungsten, 

Chromium, 

Titanium, 



Osmium, 

Iridium, 

Rhodium, 

Platinum, 

Columbium. 



413. Metals becomk oxides. — With several ezceptiom, 
these bodies suffer a singular change on exposure to air and 
moisture, or on exposure to air and heat. They lose their 
tenacity, brilliancy, and other qualities peculiar to the metals, 
soil the fingers, and crumble to powder, but at the same time 
increase in weight. This change is termed oxidation, and in 
this state they are termed metallic oxides. 

This increase in weight and loss of metallic splendor, does not 
happen when the metal is placed in a vacuum, or when it is 
protected from the air by varnish or other means, but is found 
to be the consequence of the union between the metal and the 
oxygen of the air, or water, or both. Thus, iron, when exposed 
to air and moisture, spontaneously absorbs oxygen, and is con- 
verted into a brown friable matter called rust. This is an <mdi 
of iron. The increase of weight is caused by the solid oxygen 
which thus combines with the metal. 



The metals, with the exception of platina, gold, and silver, are aaid to raffer a pe» 
cnliar change, when ezpoued to beat, or to air and moisture 7 TV> what is thia cban|(* 
owiufT, and what are Uie resulting compounds called i What caunca irou and other 
metals to rust, when exposed to the air ? 
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414. The metals combustibles. — The metals, in the laoguage 
of chemistiy, are termed combustibles, because they are capable 
of combioing with oxygen, and thus passing through the pro- 
cess of oxidation, or combustion. In ordinary combustion there 
is an extrication of heat and light, and under favorable circum- 
stances, several of the metals exhibit these phenomena. Zinc 
burns with a brilliant flame when heated, and exposed to the 
open air ; and iron, when heated in oxygen gas, emits the most 
vivid scintillations, attended with intense heat. Gold and pla- 
tina, the metals which have the least affinity for oxygen, are 
still capable of uniting with it so rapidly, as to produce scintilla- 
tions when heated with the flame of the compound blow-pipe. 
In all cases the metals combine with oxygen most rapidly when 
exposed to the highest degrees of heat. Hence, at common 
temperatures, their oxidation '{proceeds so slowly as not to emit 
sensible light or heat ; and some of them, such as gold, silver, 
and platina, do not combine with it at all at such temperatures. 

Some of the metals combine with oxygen in only one propor- 
tion, while others combine with it in three or four proportions. 
Thus, there is only a single oxide of zinc, but there are tliree or 
four oxides of iron. 

415. Reduction of the metals. — After the metals are con- 
verted into oxides, they may again be reduced, that is, brought 
back to their metallic states, by depriving them of their oxygen. 
This may be done by several methods, depending on the nature 
of the metal, or the force by which it retains the oxygen. The 
reduction of many of the metals from their ores, is nothing more 
than depriving them of their oxygen. 

For this purpose, a common method is to heat the oxide with 
some combustible which has a stronger affinity for the oxygen 
than the metal has. Thus, the oxide parts with its oxygen, 
and assumes the metallic form, while the combustible al^orbs 
that which the oxide before contained, and is itself consumed, ur 
converted into jin oxide. As an example, carbon, when heated, 
has a stronger affinity for oxygen than iron, and therefore, when 
carbon and oxide of iron are strongly heated together, the iron 

Why are tbo meUls lermed combuatiblM in the laniniaipe of chemistry ? Under 
whM dreamataiicesdo leTeral of the metal* exhibit the ordinary phenomena of com- 
bustioo 1 Under what eircomntances do all the metals combine must rapidly with 
oxygen f What metals do not combine at all with oxyf^en at common temperatures ? 
Do tbc metals all combine with the same proportion of oxygen 1 After a metal has 
been converted into an oxid^, how may it axain be reduced, or brought afain to Its 
nelatlic slaf • 1 Hy what mHluMl ran the mftaU be df prived of their oxvgen 1 What 
ts on* of the must common mctluxlH of r< durinf iron from its ores 1 when i.c i is 
reduced by heating ita oxide with charcoal, what becomes of the oxygen 1 

9V 
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IS reduced while the charcoal is converted into an oxide, or an 
acid, and passes away into the air, or in common langnag^, is 
burned up. This is the method of reducing iron from its ores. 

In some instances, heat alone drives away the oxygen and 
reduces the metal ; but in such cases the metal has only a weak 
affinity for oxygen. The oxides of gold, mercury, and platina, 
are thus reduced. 

Metals having stronger affinities for oxygen, resist such 
methods of reduction, and require the more powerful agency of 
galvanism. When metallic oxides are exposed to this influence, 
the reduced metal is found at the negative side of the battery, 
while the oxygen rises through the water at the positive side. 

416. The metals not soluble in their metallic state. — 
None of the metals are soluble in an add, in their metallic 
states, but when first combined with oxygen they are readily 
dissolved. Gold will not dissolve in muriatic acid alone, be- 
cause this acid does not part with its oxygen with such facility 
as to form an oxide of the metal. But if a quantity of nitric 
acid be added to the muriatic, the gold instantly begins to enter 
into solution, and a chloride of the metal is formed. If a piece 
of zinc be thrown into sulphuric acid, it will remain undissolved, 
but if three or four parts of water be poured in, the metal is 
attacked with great violence, and soon dissolved. In this case 
the water furnishes the oxygen, by which the zinc is oxydized, 
and it is then dissolved by the acid. By this method hydrogen 
is obtained ; the metal decomposing the water by absorbing its 
oxygen, while the hydrogen is set at liberty. 

The metals combine with phosphorus, sulphur, and car- 
bon, forming compounds called phospkurets, sulphurets, and 
carburets, or phosphides, sulphides, and carbides. 

41*7. Combination with sulphur. — Of all the inflammable 
bases, sulphur appears to possess the strongest affinity for the 
metals, and its combination with some of them is attended with 
remarkable phe^nomena. This affinity is shown by the following 
interesting experiment : Introduce into a Florence flask, three 
parts of iron, or copper filings, and one part flowers of sulphur, 

In what instances does heat alone reduce the metallic oxides? When mefaUic 
oxides are reduced by means of galvanism, at which pole of the batter j istheoxyno 
extricated 1 Are any of the metals soluble in the acids, while in their metallic 
elates i Why is it necessary to add nitric acid to the muriatic acid before it will dis- 
solve gold 1 Why does not zinc dissolve in strong sulphuric acid 1 Why is hydro- 
gen evolved when the zinc is dissolved in diluted sulphuric acid 1 When a metal 
combines with phosphorus, what is the resulting compound called? What is ths 
composition of a sulphuretl What is the conipositiun of a carburet 7 What com- 
bustible body appears to posses the strongest affinity for the metals 1 What expert* 
meut is staltd, illustrating the affinity between iron and sulphur 7 
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well mixed together. Then stop the flask with a cork, and place 
it over a lamp, so as to heat it slowly, and as soon as any red* 
ness appears, remove the flask from the Are. The chemical 
action thus b<^li, will he continued by the heat evolved by the 
combination between the sulphur and the metal, and the whole 
mass in succession will become red hot, which, in the dark, will 
produce a very beautiful appearance. 

We have stated, in a former part of this work, that when 
bodies pass from a rarer to a denser state, caloric is evolved. 

The heat and light, in this experiment, seems to be the con- 
sequence of this general law of condensation, for the sulphuret, 
formed by the union of the two bodies, occupies much less space 
than the metal and sulphur did before. 

Many of the metallic sulphurets are very abundant in nature, 
forming the ores of the metals. Several metals are extracted 
entirely from such ores. The most abundant sulphurets are 
those of lead, antimony, copper, iron, and zinc. 

The phosphurets are seldom found as natural products, but 
may be formed, by bringing phosphurets into contact with the 
metal, at a high temperature. 

Carbon unites with iron in several proportions. Unrefined 
iron, steel, and black lead, are all carburets of iron, the latter 
containing 95 per cent of carbon. 

418. Metallic salts. — When the oxide of a metal is dis- 
solved in an acid, there is a compound formed, which differs en- 
tirely from either of these two substances, and when the liquor 
is evaporated there remains a crystalline solid, called a metallic 
salt These salts difler materially from each other, according to 
the kind of acid and metal of which they are composed. Some 
of them, such as the sulphate of iron and acetate of lead, are 
of ^eat imi)ortance to the arts. 

The oxides of the metals readily unite, by fusion, with glass, 
and it is by such means that this substance is made to resvinblo 
gems and precious stones. The stained glass, so celebrated 
among the ancients, and used in the windows of churches, wiis 
prepari*d in this manner. This art was said to have been lost, 
but sUiined glass is still made in many parts of Europe, and in 
thirt country. (See Glass.) 

419. Alloys of the mktals. — Compounds, made by fusing 



Whence don the heat arise in this ezperimept ? Wliat are the most abundant 
suipliurets In natural Are the phoicpliurrtM oflen found native) Wliat carburets 
are mentioned 1 Wlial is a metaJlic mlt ? What particular salts nre mentioned, at 
briiiff of great imp^rtaiiee to the arts 1 Whit is said of the union between the metal- 
lir oxklM aimJ glass ) What are ailtiys 1 
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two or more metals together, are called alloys. In these cases 
there is a chemical union between the metals ; and hence such 
compounds differ greatly from the metals of which they are 
composed. In general, the specific gravity of the alloy is 
greater than the medium specific gravity of the two metals, 
and of consequence, the bulk of the alloy is less than that of the 
two metals taken separately. As an example, if two bullets of 
copper and two of tin, of equal bulk, be melted together, they 
will form little more than three bullets of the same size. This 
diminution of bulk is accounted for, by supposing that the par- 
ticles of the two metals enter into a closer union with each other, 
when combined, than those of either did in a separate state. 

The alloys of the metals are also more easily fusible than the 
metals of which they are composed ; that is, the melting point 
of an alloy is below the medium temperature at which the 
metals composing it are fusible. 

420. Fusible alloy. — An alloy, made of 8 parts bismuth, 
5 lead, and 3 tin, is a curious instance of this fact. In a separ- 
ate state, the melting point of lead is 594 degrees, bismuth, 497 
degrees, and tin, 442 degrees, and yet, when these are fiised 
together, the compound melts at 212 degrees. Amusing toys, 
in the form of tea-spoons, have been made of this alloy. Such 
spoons, in the hand of those who know nothing of their compo- 
sition, have excited great astonishment, by coming out of a cup 
of hot tea, with their bowls melted off. 

The number of metals, and the variety of properties which 
they possess, render it necessary to throw them into classes and 
orders, that a knowledge of these properties may be more easily 
obtained. 

SPECIFIC GRAVITY OF THE METALS. 
AT 60 DBOREBS FAHRBNHBIT. 

' Uranium, .... 0.00 

Copper, 8.89 

Cadmium, .... 8.00 

Cobalt, 8.54 

Arsenic, 5.88 

Nickel, 8.28 

Iron, 7.79 



Platinum, . . . < 


. 20.98 


Gold, 


. 10.26 


TuHgsten, . . . . 


17.60 


Morcury, . . . . , 


. 13.57 


Palladium, . . . 


. 11.30 


Lead, ...... 


11.35 


Silver, 


. 10.47 


Bismuth, 


9.82 



9.82 ; Molybdenum, 



7.40 



In what respect do alloys difTer from the metals of which they are oompoiirdl 
How is the iiicreast^d specific gravity of the alloys accounted for 1 What is said of 
>he fusibility of alloys 1 What curious illostratioo of the fusibility of au alloy mode 
of bismuth,' lead, and tin, is g;vf n ? 
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Tin, 7.29 

Zdc, 6.86 

Manganese, • . . . 6.85 

Antimony, 6.70 



Tellurium, 6.11 

Titanium, 5.30 

Sodium, 972 

Potassium, 865 



CHAPTER XVIIL 

CLASSmCATION OP THE METAIA 



421. The following arrangement is that originally proposed 
by Thenard, and adopted by Henry and others. 

We have already stated, that some of the metals are reduced 
from the state of oxides by heat alone, such metals having only 
a slight affinity for oxygen. Others, it was also stated, have 
so strong an attraction for oxygen, that they can not be reduced 
by this method, bat require the presence of a combustible, or 
some other means, for their reduction. The arrangement into 
classes is founded on this distinctive difference. The orders of 
the second class are founded on the powers of the metals to de- 
compose water. 



CLASS I. 



JfeUds, the oxides of which are reducible to the metallic state^ 
by heat cUone. These are 

Mercury, Platinum, Osmium, 

Silver, Palladium, and 

Gold, Rhodium, Iridium. 

CLASS II. 

Metals, the oxides of which are not reducible to the metallic 
state by the action of heat alone. 

Order 1. — Metals which decompose water at common tem- 
peratures. These are 

Potassium, Lithium, Strontium, 

Sodium, Barium, Calcium. 



What ia the diMinctiT« (iiff>r«nce b^tw<>eii the metals, on which in founded the w- 
nmiffmeiit into rlawea ? What are the peculiar properties on which the ordern of 
ihe areond claM are founded 1 How Are the claMew and orders defined, and what 
ara tb« uames nf the metals belonirinir to ear h T How manj metals belong to ths first 
, aMl how BMUijr to the second T What hi the definitiou of class first 1 

22* 
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Order 2,—^Metal8 which are canalogou* to Order 1. They 
are the metallic bases of the earths. These are 

Ma^esiuin, Yttrium, Ziroonium, 

Gluciniimi Aluminum, Silicium. 

Order 3. — Metals which decompose water at a red heat. 
These are 

Manganese, . Iron, Nickel, 

Zinc, Tin, ^ Cadmium. 

Cobalt, 

. Order 4. — Metals which do not decompose water at any tem- 
perature. These are 

Arsenic, Uranium, Titanium, 

Molybdenum, Columbium, Bismuth, 

Chromium, Vanadium, Copper, 

Tungsten, Lanthanium, Tellurium, 

Antimony, Cerium, ' Didymium, 

Lead, Terbium, Pelopium, 

Erbium, Eutherium, Donarium. 
Niobium, 

The seven last metals in Order 4 are new, and have not, many 
of them, been so examined as to decide whether they belong to 
that order or not. They are, however, left there until we ob- 
tain more light on the subject. It will be seen by the catalogue 
of elements, that only a part of their combining numbers are 
known. 

Of the first class, there are 8 metals ; of the second, there are 
41, making 49 in all. 
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Metals, the oxides of which are decomposed hy the action ef 
Jieat alone, 

MERCURY, (hydrargyrum.) 

EquivalcDt, 100. Symbol, Hg. 

422. Mercury, or quicksilver, is found native, or in its pure 
state, only in small quantities, the mercury of commerce being 
chiefly extracted from cinnabar, which is a sulphuret of the 

From what substance is the mercury of commerce extracted 1 What Is th« com* 
position of cinnabar, and whut its chemical name 1 What is the method of oMateiBg 
the mercury from its sulphuret 1 
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metal. The metal is extracted from this ore, hy heating it in 
iron retorts, mixed with iron filings, or lime. By this process, 
the sniphur combines with the lime, or iron, forming a sulphuret 
of lime, or iron, while the mercury is volatilized, and is distilled 
into a receiver, where it condenses in its pure form. 

This metal is distinguished from all others by. preserving its 
fluidity at common temperatures. Its specific gravity is 13.5. 
At the temperature of 660 degrees it boils, rises in vapor, and 
may be distilled firom one vessel into another. At 40 d^rees 
below zero it becomes solid, and is then malleable, and may be 
hammered into thin plates. 

When pure, this metal is not readily oxidized in the open air 
at common temperatures, but when mixed with other metals, 
such as tin, or zinc, there is commonly a film of oxide on its 
surface ; hence, this is an indication that the mercury is impure. 
When mercury is triturated with an equal quantity of sulphur, 
there is formed a black powder, called ethiops mineral. 

423. Combination. — Mercury readily combines with gold, 
silver, tin, bismuth, and zinc ; but not so readily with copper, 
arsenic, and antimony, and with platina and iron scarcely at all. 
The resulting compounds between mercury and the other metals 
are called amalgams. 

Mercury has such an affinity for gold and tin as to dissolve 
tliese metals in -small pieces, at common temperatures. In the 
mines of South America, a great proportion of the gold was 
formerly procured by amalgamation. Sand, containing particles 
of gold, was agitated in a close vessel with mercury, and the 
two metals thus brought in contact, united and formed an amal- 
gam. This was then distilled in an iron vessel, by which the 
njercury was driven away, while the gold remained. 

At the present time, tJie gold-beaters make use of the same 
means to obtain the small particles of the metal contained in 
the sweepings of their shops. The sweepings being placed in a 
close vessel, and agitated with mercury, an amalgam is formed. 
The gold is then separated by pressing the amalgam in a buck- 
skin bag, which forces the mercury through the pores of the 
leather, while the gold is retained. 

Whut Btrikingdistiiictifin is (here between mercury and other metals'? What is 
till* specific itrHviiy of mrrcury 1 At what temperature does mercury boil, and at 
artiaf temperature di>e«i it frecr.e1 Wlieii ^oll(i, wlint property common to many 
ollirr mHalf does it iioi<>r>:M 7 Wliat nrf tlu; obvioiiH iiidicatiomi of impurity in this 
inrtal f What in efh'iops m'lneriil ? Wticii ini rcury rouibinea with ottirr metals, 
what Is thff compound eallrdi How iHfrold nblaiued by mercury 1 How do gold- 
feaatera obulu Ui« snaU particles uf gold from among tb« swaepioga of tbeir 
•iMpal 
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Mercury is applied to many other uses in the arts, wad is a 
constituent in several important medicines. 

424. Silvering lookino-ol asses. — The silvering on the 
backs of looking-glasses is an amalgam of tin, and is put on in 
the following manner : A sheet of tin foil is laid perfectly smooth 
on a slab of marble, and on the tin foil, mercury is poured, until 
it is about the eighth of an inch thick ; the attraction of the 
metals for each other, keeping the mercury from running o£ 
When the mercury is spread equally over the surface, the glass 
plate is run or slid on. This is so managed by partly immersing 
the end of the plate in the edge of the mercury, and pushing it 
forward, as to entirely exclude the air from between the metal 
and the glass. Weights are then laid on the plate to press out 
the mercury, which does not amalgamate with the tin. In 
about 24 or 36 hours the amalgam adheres to the plate in the 
manner we see it on looking-glasses. The glass, therefore, 
merely serves to keep the amalgam in its place, and being trans- 
parent, to transmit the image which is reflected from the surfiu^ 
of the metal. Could the mercury be kept from oxidation, and 
be retained in its place without the glass plate, sucli mirrors 
would be much more perfect, since the glass prevents some of 
the rays of light from passing to and from the metal. 

425. Permeability of metals to mercury. — ^It has long 
been known that several metals, as tin, lead, and zinc, when 
dipped in mercury, would absorb a portion of that metal, and 
that the latter would rise in the former above its own level, per- 
haps, on the same principle, that water rises in bibulous sub- 
stances, by what is called capillary attraction. 

Prof. Henry, of the Smithsonian Institute, after various ex- 
periments on this curious subject, discovered the interesting fact 
that a bar of lead bent into the form of a syphon, would act as 
a real syphon on the mercury. Thus, when such a bar is 
placed with its shorter division in a vessel of that metal, the 
mercury will rise over the side of the vessel, and drop from the 
end of the longer division, thus exhibiting the syphon experi- 
ment, with a solid bar of metal for the tube, and mercury for 
the liquid. 

In respect to the facility of transmission, it was observed that 
the mercury rose much more rapidly in cast, than in hammered 
lead, probably because the hammering closed the pores, thus 

What IB the composition, called the siWering, od the backs of lookinc-f lanes 1 
Describe the process of silvering a plate of glass. In forming a looking-glass^ wbst 
is the use of the glass plate 1 
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rendering it leas permeable than the cast lead. Mercury also 
penetrates tin, and exhibits with it the syphon action more 
readily than with lead. Several other metals also exhibit the 
same phenomena, with various degrees of rapidity. 

The curious reader will find much more on this singular dis- 
covery by consulting Prof. Horsford's paper, read l^fore the 
association at Albany. 

MERCURY AND OXYGEN. 

PEEOZIDE OF MERCURY. 

Equivalent, 116. Symbol, HgOa 
1 eq. Mercury, 100+2 eq. Oxygen, 16. 

RED PRECIPITATE. 

426. This compound is commonly formed by dissolving mer- 
cury in nitric acid, and then exposing the nitrate to such a de- 
gree of heat as to expel all the acid. It is in the form of small, 
shining crystalline scales, of a red color. When exposed to a 
red heat, this oxide is reduced, and converted into oxygen, and 
metallic mercury, a circumstance on which its arrangement in 
the present class depends. When long exposed to the action 
of light, the same effect is produced. Red precipitate is em- 
ployed in medicine chiefly as an escharotic. 

It will be observed at the head of this section, that the per- 
oxide of mercury is composed of 100 parts of the metal, com- 
bined with 16 parts or two equivalents of oxygen. The protoxide 
of this metal consists of 100 mercury, and 8 oxygen, these com- 
pounds conforming precisely to the doctrine of definite and mul- 
tiple proportions, as formerly explained. The reason why so 
large a number as 100 is taken K>r the equivalent of mercury, 
and some other metals, will be understood when it is recollected 
that the data from which all the proportional numbers are es- 
timated, is the proportions of hydrogen and oxygen forming 
water. The proportion of oxygen in this compound being 8, 
and this number for oxygen being fixed, that for mercury is 
100, because it is found by experiment, that these are the small- 
est proportions in which these two bodies combine. 

What Is (he composition of peroxide of mercury Y By what lirople procem \n it 
cbuined ? How may thia oxide be JecompuBcti 1 What is tlie use of red precipi- 
tate 1 Kxplain ihe reason why the combining number for mercury is 200. What i» 
aaid «ifthp combination between mercury and the gas chlorine, at common tempera- 
ture* I Wliat common name \uw ihe prot(»chloride of mercury 7 How does the pro* 
locliiorida ditfi-r from the bichloride of mercury 1 What is the oommon Dane ft" 
tli« bir.liloride of mercury 1 
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MERCURT AND CHLORINB. 
8I7BCHIX>EIDE OF MBECITRT. 

Equivalent, 236. Symbol, HgaCL 
2 eq. Mercury, 200+1 eq. Chlorine, 86. 

CALOMEL. 

427. When chlorine, a gas fonnerly described, is brought into 
contact with mercury, at common temperaturies, a combiuatioD 
takes place between them, amounting to one proportion of each, 
forming a protochloride of the metal. This, however, is not the 
common method of preparing calomel ; the two constituents 
being more conveniently combined in their proper proportions, 
by mixing the bichloride of this metal with an additional quan- 
tity of mercury. The bichloride of mercury contains, as its 
name signifies, two proportions of chlorine and one of the metal 
This compound is known under the name of corrosive sublimate. 
It contains mercury 200, and chlorine 72 parts by wei^t 
When this salt is triturated with mercury, the metal absorbs a 
part of the chlorine, and the whole is converted into a proto- 
chloride, or calomel. The proportions are 172 parts, or 1 equiva- 
lent of the corrosive sublimate, and 100 parts, or 1 equivalent 
of the mercury. This process affords a beautiM illustration of 
the truth of the doctrine of definite proportions ; for when these 
equivalents are mixed in a mortar, and then sublimed by heat, 
36 parts, or 1 proportion of the chlorine is transferred from the 
bichloride to the metallic mercury, thus converting the whole 
into 272 parts of protochloride of mercury, or calomel. 

This process also shows, in a striking manner, the efiects of 
different proportions of the same principles, on the qualities of 
bodies. Corrosive sublimate is one of the most active and viru- 
lent of all metallic poisons, and in doses of only a few graina, 
occasions the most agonizing symptoms, which commonly end 
in death. But calomel is a mild and safe medicine, which may 
be taken in doses of 60, or even 100 grains, without injury. 
And yet the only chemical difference between these two sub- 
stances is, that the calomel is a compound of 1 atom of chlorine 
combined with 1 of mercurv, while corrosive sublimate consists 
of 2 atoms of the fii-st and 1 of the metal. 



What is the common mode of makin<r calomel ? What proportions of coiroal^t 
sublimate and mf rcury combine and form calomel 7 What two prlnciplet are 
strikingly illustrated by this combination 1 
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XBRCURT AND SULPHUR. 

BaLPHIDB OF MERCURY. 

Equivalent, 116. Symbol, HgS. 
1 eq. Mercury, 100+1 eq. Sulphur, 16. 

CINNABAR. 

426. Cinnabar is prepared by fusing mercury and sulphur 
together, and afterward subliming the compound. When this 
compound is reduced to a fine powder, it forms the well known 
pigment vermillion. Cinnabar occurs in nature, in large quan- 
tities, and \s the substance, as already stated, from which mer- 
cuTy is chiefly obtained. 

SILVKR, (aRGENTUM.) 

Equivalent, 108. Symbol, Ag. 

429. Silver is found native in small quantities. It also occurs 
mixed with several other metals, as copper, antimony, arsenic, 
and sometimes with gold, but is chiefly found in combination 
with sulphur, forming a sulphuret of silver. 

This metal, when pure, admits of a luster only inferior to that 
of polished steel. Its specific gravity is 11, being about half 
that of platina. In malleability and ductility it excels all the 
other metals except gold and platina. 

Silver is fused by the heat of a common furnace, and by a 
long continued and high degree of heat it may be volatilized, 
or turned into vapor. By slow cooling, this metal may be ob- 
tained in regular crystals. It is not oxidated by exposure to 
the combined action of heat and moisture, but is readily tar- 
nished by sulphureous vapor. Sulphuric acid dissolves this 
metal, when assisted by heat, but its proper solvent is nitric 
add, with which it readily combines, and when the solution is 
evaporated, forms nitrate of silver, a substance known under the 
name of lunar caustic. 

Silver is precipitated from its solutions, by several of the other 
metals, in its metallic form. This happens when any other 
metal, having a stronger affinity for oxygen than silver, is placed 
in a solution of this metal. 

Wbal It the compoBition of sulphuret of mercury ) What Is the more common 
name fur fliis rompouiwl / What Ik vermilion ) In what state does silver occur 1 
WtMt are Ihe substances wifh which it is chiffly found combined ? What is irs 
i^ific ffravity 1 What is Mid of its malleability and ductility I How mav silver be 
•Maiuea in crystals 1 What vapor readily tarnishes silver I What is i he proper 
■olvcnt of this metal t What is the salt formed when silver is dissolved in nitric 
kM 1 flow is lunar raustio formed T How may slhrer be precipitated in Iti 
BiHsllie fttrm t 



264 SILVER. 

If a quantity of nitrate of silver, or lunar caustic, be dissolved 
in wat^r, and a slip of clean polished copper be dipped into it, 
the copper will be covered with a coat of silver. 

430. Diana's silver trek. — Diana's silver tree is made by 
precipitating silver from its solution, by means of mercury. 
This interesting experiment may be performed in the folld^ing 
manner : Mix together six parts of a solution of nitrate of sil- 
ver, and four parts of a solution of nitrate of mercury, both com- 
pletely saturated. Add a small quantity of rain-water, and put 
tlie mixture into a glass decanter, containing six parts of amal- 
gam, made of seven parts of mercury, by weight, and six parts 
of silver leaf. In the course of some hours there will appear 
small shining scales of metallic silver on the amalgam, which 
will increase, and shoot out in the form of a silver tree, produciog 
a very beautiful appearance. 

431. Silvering powder. — Silvering powder may be pre- 
pared in the following manner : Precipitate silver from its solu- 
tion in nitric acid, by dropping into it some plates of clean cop- 
per. Take 20 grains of this powder, and mix with it two 
drams of cream of tartar, the same quantity of common salt, 
and half a dram of alum. These articles must be finely pul- 
verized, and intimately mixed in a mortar. If a little of this 
powder be moistened, and rubbed on a clean surface of brass or 
copper, the silver will be precipitated, and the surface of the 
metal will be covered with it. In this way the silvering of can- 
dlesticks, or other articles, where it is worn ofl^ may be replaced. 
The addition of the other articles to the precipitated silver, pro- 
bably serves no other purpose than to keep the surfeu^e of tbe 
brass perfectly clean, and free from oxide, as the powder is 
rubbed on. 

432. Silvering ivory. — Silver may also be precipitated on 
ivory, and then revived by the action of solar light Into a 
dilute solution of nitrate of silver, immerse a slip of polished 
ivory, and let it remain until it acquires a yellow color, then 
place it in a tumbler of pure water, and expose it to the direct 
rays of the sun for a few hours, or until it turns black. If now 
it be gently rubbed, the surface will be changed into a bright 
metallic one, and the slip of ivory will, in appearance, be trans- 
mitted into one of silver. This change is caused by the deoxi- 

What is the process for forming Diana's silver tree 1 How xomj sihrerinf powder 
be prepared 1 Whal is the use ofthe silverioK powder 1 Of what ate are the other 
ingredients in this powder besides the precipitated silver 1 What is tbe procta for 
silvering ivory 1 IIow do you account for the return ofthe siWer to iu melaUie itata 
by being placed in the tnn ? 
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^zing power of the solar rajs, in consequence of which the oxy- 
gen is separated from the sHyer, and the metal reduced to its 
former state. 

A very useful solvent of silver is made bj dissolving one part 
of niter with about eight parts of strong sulphuric acid. This 
solvent, when heated to about the temperature of boiling water, 
will dissolve silver, without acting on gold, copper, lead, or iron, 
and hence may be conveniently used to extract the silver from 
old plated goods, ^c 

The combining number for silver is 108, it having been 
found that the oxide of this metal contains 108 silver, and 
8 oxygen. 

The sulphuret of silver is composed of 108 of the metal, and 
16 sulphur. 

GOLD, (aURUM.) 

Eqaivalent, 98. Symbol, An. 

433. This well known precious metal is found only in the 
metallic state, either alone, or mixed with other metals ; conse- 
quently, there is no such thing as an ore of gold. Gold is 
sometimes found disseminated in rocks, but always in its 
metallic state, and never mineralized by sulphur, oxygen, or 
any other substance. Its specific gravity is 19. It is the most 
malleable of all the metals, and in ductility is only excelled by 
platina. 

434. Mallkabilitt of gold. — The extent to which a given 
portion of this metal may be spread, and still continue a per- 
fectly unbroken surface, is truly astonishing. A single grain of 
the best wrought gold leaf is found to cover fifty-six square 
inches, and it would take nearly 282,000 such leaves to make 
an inch in thickness. This, however, is not the utmost limit to 
which its tenuity may be extended, for the wire «sed by lace- 
makers is drawn from an ingot of silver, gilded with this leaf, 
and from the diameter of the ingot, compared with that of the 
wire, it has been found that the covering of gold on the latter is 
only a twelfth part of the thickness of gold leaf. Supposing the 
leaf, when first placed on the iil?er, to have been the 30 thou- 
sandth part of an inch in thidoiess, the covering on the wire 
would require 360,000 times its own thickness to make an 

What Ifl file compoftition of a solreiit for silTtr, which does not act upon other 
■i#Ul0l What if the equivalent namber for silver 7 In what etate is gold always 
fBund 1 Are there any ores of gold 1 What is tha specifie gravity of gold 1 What 
HhMtratlooa are given of the malleabilitv of gold 1 What Is said of the thlekncss of 
Ihto ■Mtal 00 the wire used by lace-anakersl * 

23 
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inch ; and still this covering is so entire that, even with a micro- 
scope, the silver is not to be* seen. 

Gold is the only metal which can be made so thin as to trans- 
mit the rays of light ; and the rays so transmitted, instead of 
being of the same color with the metal, are green. 

This metal, when pure, is not oxidated, or otherwise altered, 
W being kept in fusion, in the highest heat of a furnace, for any 
I ngth of time. Sulphuric, nitnc, or muriatic acid, do not, alone, 
produce the least action on gold ; but when two parts <rf nitric 
and one of muriatic acid are mixed, forming aqua repia, the 
mixture dissolves this metal with facility. Put some nitric acid 
into another, and throw a little gold leaf into each. Not the 
least effect on either will be produced ; but if the contents of 
owQ vessel be poured into the other, immediate action will ensue, 
and the metal will soon be dissolved. 

The solution of gold is decomposed by many substances 
which have a stronger attraction lor oxygen than this metal 
has, and by absorbing the oxygen, restores the gold to its 
metallic state. 

435. Hydrogen precipitates gold. — ^If a piece of ribbon, 
or other substance, be moistened with some dilute solution of 
gold, and exposed to the action of a current of hydrogen, the 
gold will be revived, and the ribbon, or other substance, will be 
covered with a film of gold. By means of a camel hair pencil, 
the solution may be applied to the ribbon in regular figures, and 
as the appearance of the ribbon is not changed by the ap|>lica- 
tion, until the hydrogen is thrown upon it, a striking experiment 
may be made in this way. The hydrogen must be applied 
while the ribbon is moist, and may be blown on, through a tube 
attached to a bladder containing it 

436. Sulphuric ether precipitates gold. — Sulphuric 
ether precipifcites gold, but instantly dissolves the preci])itate, 
forming an ethereal solution of the metal. This solution is 
sometimes employed to gild lancets, scissors, and other instru- 
ments, in order to preserve them from rust. This is readily 
done by the following method. Into a ^ven quantity, say an 
ounce, of the nitro-muriatic solution of gold, pour twice'as much 
suli)liuric ether ; shake the vessel, and let it stand two or three 
minutes, and then pour into another vessel about one-third of 



What is said of the light seen through irold leaf? How is gold affected by continued 
fusion at the higliest degrees of heat ) What acids dissolve gold 1 How may the solu- 
tions of gold be decomposed 1 lu what manner may figures of gold be made on rib- 
bon 1 What are the directions for making an ethereal eolution of (old 1 
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^ mixture. The acid does not mix with the ether, but settles 
to the bottom of the vessel, leaving the ether in possession of 
the gold on its surface; the portion decanted into the other 
vessel, therefore, is an ethereal solution of gold. Any peifectly 
clean and polished steel instrument will be covered with a coat 
of gold, if dipped for a moment into this solution. When taken 
from the ether, it should be instantly plunged into pure water, 
to wash off any particles of acid which may be retained in the 
solution. The instrument may afterward be burnished, when it 
will have all the appearance of the best gilding. 

In this case the gold appears to be in its metallic state, and 
to be retained on the surface of the steel by the attraction of co- 
hesion, while the ether evaporates. 

PLATINUM. 

Equivalent, 96. Sj-mbol, Pt. 

437. Platinum is a white metal, resembling silver in color, 
but a little darker. It is the heaN-iest of all known bodies, hav- 
ing a specific gravity of 22. 

This metal comes cliiefly from several parts of Sooth America, 
where it is found in small grains, or sciiles, exceedingly heavy, 
and nearly the color of wrought-iron. In this state it is alloyed 
by several other metals, and requires to be purified before it is 
malleable. It was first discovered in 1741, but has not been 
applied to any considerable use until within the last fifty years. 
This metal has lately Ix^en discovered in considerable quantities 
in Russia, and is employed for the purposes of coin, for which it 
is vreW adapted. 

Platina, like iron, may be welded, and like gold, suffers no 
change from the combined agencies of air and moisture, or by 
lung continued heat. For many purposes, therefore, it is the 
most valuable of all the metals. 

This metal is so difficult of fusion, as to undergo the greatest 
lieat of a smithes f(»rgo without the least change; none of the 
acids act on it, except the nitro-muriatic, the solvent of gold. 

438. How pritiFiEi). — riatinuni is purified and obtained in 
a raalleablik statt; by dissolving the grains in 8 times their weight 
of aqua r<*giii, Jissistvd by heat. The acid only dissolves the 

III whst mnitn^r niajr Ktrrl iiirtnimfiitN brsililprl with an etherpal solution of frold 1 
Wh<il w th<* color o( |ilatiiiiim < Wtiat ix its fixcilic eravily ? U there any known 
biNlv offrentfr fiMCifir uruMty tliHii pliitinaT In what countricH in plntinu foundl 
Wii'rii waa thia nieial (1.m*o\< ri^i I In what rtfiiecl ituea platina ihikm-h thit |)r<»|>trty 
oT trull T lo wliac rirfn«ct ia thia mnal likr Kold 1 WlMt ia salil of the action of hrat. 
attd of tha arWla, on piatiiMim 1 How Ut thia meutl pnrifled and rendered maJlt-ablfT 
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platiniim, leaving the iridium and osmium, the metals with 
which it is alloyed, in the form of a precipitate at the bottora 
of the vessel. The acid solution is then evaporated, and the 
metal precipitated by muriate of ammonia. The precipitate 
thus obtained, is heated in a crucible, lined with a mixture of 
clay and charcoal, to the utmost degree that can be attained in 
a blast furnace, when the ammonia and acid are driven off, and 
the fused metal falls to the bottom of the crucible. ^ It is after- 
ward several times heated, and hammered, when it becomes 
both ductile and malleable, In small quantities, this metal 
may be fused by the compound blow-pipe. 

439. Alloys. — Platinum combines with many of the other 
metals by fusion, and forms rWojs which possess various proper- 
ties, some of which are useful. 

Copper, when alloyed with from one -sixth to one twenty-fifth 
part of platina, becomes of a golden color, is much less readily 
oxidated than before, and receives a fine polish. 

With iron, platina is said to form a compound highly es- 
teemed by the Spaniards, for the purpose of making gun -barrels, 
which are stronger, and less apt to rust, than iron alone. 

440. Uses. — From its infusibility, and the difficulty with 
which it is oxidated, this metal is highly useful in the arts, and 
particularly for making various chemical and philosophical 
instruments. 

Retorts of platina are now employed instead of lead, for the 
distillation of sulphuric acid. Being acted' on neither bv heat, 
nor any single acid, such vessels will probably last even for cen- 
turies without repair. Their expense would, however, often be 
an objection to their use. In Mr. Tennant's great works for the 
manufacture of bleaching salt, at Glasgow, it is said there are 
nine platina retorts, which cost about 2,500 dollars each. 

441. Apiilogistio lamp. — Platina is the slowest, or most 
imperfect conductor of heat among the metals, and from this 
quality, toget!ier with that of sustaining a high degree of heat 
without oxidation, it may be employed to construct the aphlo- 
pistic, or flameless lamp. 

This curious lamp retains a coil of platina wire constantly 
at a white heat, without either flame or smoke. It may be 
constructed in the following manner : 

The platina wire to be used for this purpose is about tlie 
thickness of card, or brass wire, No. 26. If larger, the 

Does platinum form alloys with the other metals by fustonl 
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heat is carried off too fast, and "«■ "»■ 

the ignition ceasea; and if 

much finer, it doca Dot retaia 

Bufficient beat to keep up the 

evajjoration of the alcohol, by 

the combustion o:' which the 

heat of the wire ia maia- 

tained. 

Such a piece of wire, sii or 
eight inches long, a piece of 
glass tube, and a low vial, are 
the chief . materials for the 
construction of this lamp. 

The coil, 'a. Fig. 101, ia 
made by wioding the wire 
rouud a piece of wood cut 
of the proper aize and shape. 
The size ia determined by 
that of the aperture of the 
tube, allowing for the diameter of the wire. Its shape ia a little 
conical, or tapering upward. In winding the coil, it is best that 
' the turns of the wire should cume in contact, and afterward be 
gently extended, so as to come as nearly as possible to each 
other without touching. The diameter of the coil may be one- 
fourth, or one-sixth of an inch, and its length half an inch, con- 
taining twenty or thirty turns of the wire. J la a glaaa lube 
three or four inclies long, containing the cotton wick by which 
the alcohol is carried up to the wire. The wick pasaea about 
haKway through the coil, e is the body of the lamp which 
contains the alcohol. It is a low vial, or glass inkstand, capable 
of holding two or three ounces- The glass tube passes through 
a cork, and di|» into the fluid, i' ia a small tube through 
which ihe alcohol is poured. This must be stopped to prevent 
evaporation. 

When the lamp is Oius prepared and filled with alcohol, the 
fluid is set on fire by holding the platina wire in the flame of a 
candle, and after a few minutes, or when the coil becomes red 
hot, the flame is blown out, and if every thing is properly ad- 
justed, the wire will remdn red hot as long as the via! contains 
alcohol. 

Whil liihophliifiuicarflMncIwi lamnt Ripliln P« 101, mnl ilncritw Ihe con- 
•rrucfion oftht aamtlt* liDip- VViih what fluid la lliibnip HlUd ) 
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442. ExPLAKATiox. — ^Tbe following appears to be the canseB 
of the permanent ignition of the wire. Alcohol, when in a state 
of vapor, combines with oxygen with facility. The temperature 
of the wire is raised by the flame of tlie candle to about 1000 
degrees, the point at which alcohol combines with oxygen, or is 
combustible. When this is once eflfected, the caloric extricated 
by the combustion of the alcohol is sufficient to keep the coil at 
a red heat, which again is the temperature at whicn alcohol is 
combustible, so that one portion of alcohol, by the absorption 
of oxygen, and the consequent evolution of heat, prepares tho 
wire to effect the combustion of another portion, and as the 
alcohol rises in a constant stream of vapor, so the ignition is 
constant. 

Before the invention of friction matches, this lamp was highly 
convenient, for by touching a match to the coil, and then to the 
wick of a candle, a light was immediately obtained. 

Platinum combines with oxygen in two proportions, forming 
the 

Protoxide, 1 eq. plat. 964-1 eq. oxy. 8. 
Peroxide, 1 " " 96+2 " ** 16. 

PALLADIUM AND RHODIUM. 

443. These two metals were discovered by Dr. Wollaston, in 
1803, in the ore of platinum. When this ore is digested in 
nitro-hydrochloric acid, the platinum, together with the palla- 
dium, rhodium, iron, copper, and lead, is dissolved ; while a 
black powder is left, consisting of osmium and iridium, mixed 
in general with a considerable quantity of titanite of iroi^and 
insoluble matter. 

PALLADIUM. 

Equivalent, 54. Symbol, Pd. 

444. This is one of the rare metals, and is obtained in its 
pure state with difficulty. It resembles platina in color and 
luster. It is malleable and ductile, and is much harder than 
platinum. Its specific gravity is about 11.8. Its fusibility is 
intermediate between gold and platinum, and when intensely 
heated by the oxy-hydrogen blow-pipe, is dissipated in sparks. 

How is it iighted ? Explain the principles which canf:e thr nrrmiinpnt i'mition of 
the platina wire. What is the use oftlie aphlnsistic lamp 7 What is the equivalent 
Dumber for platinum 7 What are the names of the oxides of this metal, und what 
the proportionsof their elements 7 Where were the metalH palladium, rhntrum. iri* 
dium, and osmium, first discovered } Wliat is the combioins number for palladiaait 
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It is oxidized and dissolved by nitric acid, but its proper solvent 
is nitro-hydrochloric acid. Its protoxide forms beautiful red 
salts, from which metalUc palladium is precipitated by the sul- 
phate of proxide of iron. Its compounds are not numerous, 
though it combines with oxygen in two proportions, forming a 
protoxide ^nd a binoxide ; with chlorine, forming the proio- 
chloride and the bichloride, and with sulphur, forming the 
protosulphureL 

RHODIUM. 

Eqnlyalent, 52. Symbol, R. 

445. Co immersing a plate of clean iron into the solution 
from which palladium and most of the platinum have been pre- 
cipitated, the rhodium, with small quantities of lead, copper, 
and platinum, is thrown down in the metallic state. The rho- 
dium is afterward separated by means of several processes not 
necessary to detail. It is procured in the form of a black pow- 
der, which being fused by the strongest heat of a wind furnace, 
produces the metal in question. Its color is white, with a me- 
tallic luster, and a specific gravity of about 11. It is extremely 
hard, scratching hardened steel, and is not attacked by any of 
the acids in its pure state. Chemists are acquainted with two 
oxides of rhodium, aiid several salts, which are either red or 
yellow. It is only soluble in acids when alloyed with other 
metals. 

Use. — It is employed for the points of metallic pens, for which, 
owing to its extreme hardness and insolubility in acids, it is ad- 
mirably adapted. The gold pens of the present day owe their 
lasting property to this metal. 

OSMIUM AND IRIDIUM. 

446. These metals owe their discovery to Mr, Tennant, in 
1803. The black powder, mentioned at the beginning of this 
article, as containing these metals, is the source whence they 
were obtained. The manipulations resulting in obtaining them 
io the pure state, are long and difficult. 

What l« the fpecific gravity of rliodiiim ? What is the color, and what are tlie pro* 
n«>rtif«of rhtxlium? Prom what circiimKtance Ih the name of this metal derived 1 
What in the f-quivalent niimter of rhodium 1 How are Iridinm and osmium ob- 
tained 7 What w lite hpecilic gravity of iridium 1 What lu said of its fuaibiliiy, aud 
■olution lu acidK ) 
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OBUIUM. 

Equiyaleiit, 100. Symbol, Os. 

44Y. This metal appears at first in the form of a porous mass, 
which acquires metallic luster by friction. It takes fire when 
heated in the open air, and is readily dissolved bj nitric acid. 
In its densest state its specific gravity is 10. It comUnes with 
oxygen and the acids, forming many compounds, which our 
limits do not allow us to describe. 

OsMic ACID. — ^This is the product of the oxidation of osmium 
by acids, or by combustion. It is in the form of elongated, 
transparent crystals, having an exceedingly acrid vapor, exciting 
cough, producing tears, and a copious flow of saliva. Its odor 
is disagreeable and pungent, somewhat like that of chlorine, and 
this property suggested its name from a Greek word signifying 
odor. Neither the metal, nor its compounds, have been applied 
to any use. 

IKIDIUM. 

Eqiiiyalent, 99. Symbol, Ir. 

448, This is a very brittle metal, and, without care, will fell 
into powder in attempting to burnish it. When polished, it 
resembles platinum in color and luster. Of all known metals 
it is the most infusible. Berzelius never succeeded in melting 
it, but Mr. Children, with his immense galvanic battery, fused it 
into a brilliant metallic globule of a white color, hnving a specific 
gravity of nearly 1 9, being, in respect to this property, next to 
platinum. 

Iridium combines with oxygen and chloric acid, forming 
oxides and chlorides. 

CLASS II. 

449. Metals^ the oxides of which are not reducible to the me- 
tallic state by heat alone. 

Order 1. — Metals which decompose water at common tem- 
peratures. These are 

Potassium, Lithium, Strontium, 

Sodium, Barium, Calcium. 



What are the properties of oFmiiim ? How le oeminni obtained in itii pure ifatel 
Wh&t is the definition of Class I1 1 What is the detinition of Order I»l, ofthii 
class 1 What are the names of the metals belonging to this order I 
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These metak attract oxygen with the^ most intense degree of 
force. They absorb it from the atmosphere, and even decom- 
pose water, by combining with its oxygen, at common tempera- 
tures. Such is the force by which they hold this principle, 
that their oxides had resisted all attempts to decompose them, 
an til the discovery of galvanism placed in the hands of men a 
more powerful decomposing agent than was before known. By 
means of the most intense electrical repulsion, the alkalies, before 
considered as simple bodies, were shown to be the oxides of 
metals. After the secret of their composition was known, 
chemists devised other and less expensive means of effecting 
their decompositions, so that at the present time, sodium and 
potassium, at first the most expensive of all substances, are 
within the means of any one. 

FOTA88IUM, (KALIUM.) 

Equivalent, 40. Symbol, K. 

' 450. Decomposition op potash. — If a small piece of pure 
potash, slightly moistened, be put between two plates of pla- 
tinum connected with the poles of a galvanic battery of 200 
double plates, the alkali will soon be fused and decomposed. 
Oxygen will separate at the positive poles, and small metallic 
globules, like quicksilver, will appear at the negative pole. In 
this manner. Sir H. Davy first determined the composition of 
potash, and separated its elements. Potash, therefore, is a 
compound consisting of a metal called jpotassiumy united to 
oxygen. 

liy this process the metal can be obtained only in minute 
quantities; but chemists, now understanding that to obtain 
potassium in any quantity, only required that the oxygen 
should be separated from the potash, soon found more ready 
means of performing the experiment. 

461. Decomposition by charcoal. — In the former editions 
of this work, Tlienard's process for the making of potassium 
was given, illustrated by a diagram. In this process, the de- 
composition was effected by means of a heated gun-barrel, con- 
taining iron turnings, the oxygen of the potash being absorbed 
by the iron at a high heat It has since been discovered that 
the decomposition can be i)erformed more readily by charcoal 

Wh»l U Mid of the tutente drgrfe of force with wblcli l!w»e met»l« •It- 
By what cl«'Com|io»inK afeiit were the alkaliefl Hhown to be the ova 
What It the prric<-«. by which Sir U. Davy dtcompoaed potaab 1 
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than by iron, and hen^, at present, this forms the bases of the 
process for potassium, now always followed. The process, how- 
ever, requires more apparatus, and more chemical' ezperienoe 
than usually pertains to the students of this humble treatise, and 
we have, therefore, omitted the description and apparatus for 
this purpose in this edition, referring the inquirer for a com- 
plete account of the process, with explanatory diagrams, to the 
last edition of Graham's Chemistry, Part I., page 370. There 
he will find an extended account of the most recent methods of 
obtaining this most interesting and curious metal. 

452. Potassium is solid at ordinary temperatures, but be- 
comes fluid at 150 degrees, and then appears like mercury. It 
is perfectly opaque, and a good conductor of electricity and 
caloric. At the temperature of 50 degrees, it is soft like wax, 
and yields to the pressure of the fingers. In this state it resem- 
bles an amalgam of mercury and tin. Its specific gravity is 
0.865, water being 1.000. 

The most prominent chemical property of this metal is its ex- 
treme avidity for oxygen. When exposed to the air it oxidizes 
rapidly, and when thrown on water it decomposes that fluid, by 
absorbing its oxygen with such rapidity as to set itself on fire, 
and burns with a white flame, and great evolution of heat, 
while swimming on its surface. 

POTASSIUM AND OXTOEN. 

FROTOXIDE OF POTASSIUM. 

Equivalent, 48. Symbol, KO. 
1 eq. Potassium, 40+1 eq. Oxygen, 8. 

POTASH. 

453. Potassium combines with oxygen in two proportions, 
forming the protoxide and peroxide of potassium. The first, 
which is common potash, is formed whenever potassium is put 
into water, or exposed to dry air, or oxygen gas. 

The proportion of oxygen which this metal absorbs, to con- 
vert it into potash, is readily ascertained by the volume of hy- 
drogen liberated when it acts on water. For, when potassium 

What is the principle on which (he decomposition of the potash is effected bj 
means of iron turnings and heat? What \» the appearance of i>otaF8iuin 1 Is it a 
conductor of caloric and electricity 1 At what temperature does it become fluid, and 
at what temperature is it solid ? What is tlie specific gravity of this metal I What 
phenomena are produced when potassium is tlin wn on water 1 In how many pro* 
portions does potassium combine with oxvtren 1 What common substance is formed 
when potassium is exposed to the air? VVh(n pota^^sium is p!uug'td uuder water, 
how is it ascertained what quantity of oxygeu it ub^orbs ) 
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is plaoged at once under that fluids it is oxidized without the 
evolution of light or heat, and it is found that each grain of the 
metal so placed, separates 106 cubic inches of hydrogen gas. 
Now, by knowing previously what are the relative volumes and 
weight of hydrogen and oxygen composing water, it is easy to 
calculate the exact quantity of oxygen absorbed by the above 
data. 

Thus, Sir H. Davy found that 40 grains of this metal decom- 
poses precisely 90 grains of water. Nqw, as 9 grains of water 
is composed of 1 grain of hydrogen, and 8 oxygen, so 40 parts 
of potassium combines with 8 parts of oxygen, to form oxide of 
potassium, or potash. Potash is therefore composed of 

Potassium, 1 eq. 40+ Oxygen, 1 eq. 8=48. 

48 combining number for potash. 

When potassium is allowed to absorb oxygen in the open air, 
or when plunged under water, it combines with only one propor- 
tion of oxygen, as above stated. But when this metal burns in 
the open air, or in oxygen gas, it is converted into an orange 
colored substance, whidb is the peroxide of potassium. This is 
cumposed of 

Potassium, 1 eq. 40+3 eq. Oxygen, 24=64. 

454 The potash of commerce is obtained from the lye of 
wood ashes, boiled down in pots, and hence the name potash. 
It is chiefly used in the manufacture of soap and glass. For 
the former purpose, the lye itself is often employed, and is 
better than the solid potash, dissolved in water, since the potash 
soon absorbs carbonic acid^and then its quality for soap-making 
is in a great measure destroyed. From this circumstance it is, 
tbat soap-makers mix with their lye a quantity of newly 
burned quicklime, which renders the solution of potash caus- 
tic, by absorbing from it the carbonic acid, with which it has 
combined. 

Soft soap only can bo made from potash, while hard soap is 
made from soda. 

Common green glass is made by fusing sand and wood aslics 

SiippoM 40 fralns of potaraium decoinpoKe9 irrains of water, how does it appear 
in wnat proportion potassium and oxygen combine 1 What is the equivaient num- 
ber tor potam 1 V^hen potassium is burned lu the open air, or in ozyxeu fras, what 
Bmportion of oxygrn does it absorb 1 What Is the oxide called which is so formed 1 
nw is the potash of romm»-rce procured 1 In what manufactures is tlie article 
chiefly employ e«n What is the uve of quicklime in KoapmiikinKl How do the 
■oaps m«d« from potash and soda differ 1 What art tht materials for making grttn 
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together, hj means of an intense heat, produced by the combos- 
tion of dried wood, in a bla^t furnace. Flint glass, which is pe^ 
fectlj white and transparent, is made by fusing together a quan- 
tity of potash and white sand, or ground quartas, to which are 
added a proportion of lead, and a little manganese. 

Salt of tartar, salt of wormtoood, pearl-ash, and carbonate 
of potash, are only different names for the same article, some of 
which are more pure than others. 

SODIUM, (natkon.) 
E^valent, 24. Symbol, Na. 

455. By the same process which showed potash to be a 
compound body, soda was also found to be of the same nature. 
Altbough first procured by means of galvanism, it may be ob- 
tained by precisely the same method as that described for the 
production of potassium, only placing soda in the gun-barrel, 
instead of potash. 

Sodium has a strong metallic luster, similar to that of silver. 
It is a little less fusible than potassium, not becoming perfectly 
fluid until it has acquired the temperature of n^rly 200 degrees. 
Its specific gravity is somewhat greater than that of potassium, 
being 0.972. When thrown on water it produces a violent 
effervescence, but does not inflame like potassium. The water 
is decomposed by its action, hydrogen escapes, and there re- 
mains a solution of soda in the water. Like potassium, it must 
be preserved in a vial, covered by naphtha — a substance which 
contains no oxygen. 

SODIUM AND OXYGEN. 

PROTOXIDE OF BODIUH. 

Equivalent, 32. Symbol, NaO. 
1 eq. Soda, 24 + 1 eq. Oxygen, 8. 

SODA. 

466. When the metallic base of soda is burned in dry atmos- 
pheric air, protoxide of sodium, or soda, is formed. The same 

What are the materials for making flint glass 7 What other names are applied to 
potash 1 What is the process of decomposing soda, and obtHiuing tlie metal sodiam 1 
What is the appearance of sodium 1 In what respects does this metal differ from 
potassium 1 What Is the effect when sodium is thrown upon water ? How is the 
metal presenred 1 What compound is formed when sodium is burned in atmoe> 
pheric air, or thrown into water 1 What is the composition of protozid* of sodium, 
or soda? 
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oonpoand m fenned nhen sodioxn k thrown into wnter. and the 
oompotitkHi nunr therefore be determiDed in the mmnner alreair 
deicribed for pcrtaasiain. From such an expenment it has iK^n 
Ibnnd that soda is composed of 

Sodium, 1 equivalent 24 
Oxygen, 1 - 8 

32 equivalent of soda. 

The peroxide of soda is composed of the same equivalent of 
•odiom, with two equivalents of oxvgen. Sodium, 24, oxvgen, 
16 — 10. 

Soda is readily distinguished from other alkalies by the fol- 
lowing characters. With muriatic acid it forms the common 
table salt, with the taste of which eveiy one is ^miliar. With 
■nlphuric acid it forms Glauber's salt, or sulphate of soda. All 
the salts of soda are soluble in water, and are not precipitated 
bj any other substances. 

SODIUM AND CHLORINB. 

CHJLOEIOB OF 800IUX. 

Equivalent, 60. Symbol, XaCl. 
1 eq. Sodium, 24+1 eq. Chlorine, 36. . 

COMMON SALT. 

457. When sodium is exposed to chlorine, or is heated in 
muriatic acid gas, the salt is formed, well known under the 
name of muriate of soda, or common salt. This is an abundant 
product of nature, and exists ready formed in Spain, En inland, 
Poland, and othor countries, in large quantities. In those 
countries it is dug out of the earth, and is known by tlio naino 
of rock 9alt, Sea water and certain springs also contain this 
salt in solution. 

When common salt is dissolved in water, and the solution is 
evaporated rapidly, it crystiiliizes in the form of hollow four- 
sifled pyramids ; but if allowed to evaporate 8|)ontancously, it 
occurs in regular cubes. Thus, the crystals show in what man- 
ner the salt has been manufactured. In England, vast quiuiti- 

What !• th« eqiiiralent number for soda 7 How Is mmU diatiiiiriiiiih«d fV«)ni If^ 
mhrr alkallrsi Wtwt \% cliloride of MMliiim T What ilic NoiirrpH of cnmnion r* 
WHaD a Milulion of common mil in fvaporated rapidly, what is >h^ form of ilfl< 
t«liiT When «fVaiNirMt4^ hIowIjt. In what form arc thi* cryNtaiN f Where ars tlM 
muMa ««f Boclaiiu I V/\uX impuritivti vxiu in th« (;h«itbire rock mUi ' 

■J4 
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ties of salt are annually raised from the mines, chiefly of Ches- 
hire, and purified for sale. The impurities consist chiefly of 
clay and oxide of iron, besides which, it contains various pro- 
portions of sulphate of magnesia, or Epsom salt, sulphate of 
lime, and muriate of lime. It is purified by being dissolved in 
seji- water, and subsequently evaporated. Formerly, all the 
English salt was evaporated by artificial heat, the brine being 
bv)iU.*d until it was ready to shoot into crystals. Its crystals 
were, therefore, always in the form of hollow pyramids. But it 
lias been supposed, by victualers and others, that this salt is far 
less efficacious, as a preserver of animal food, than that prepared 
by the spontaneous evaporation of sea-water in hot climates, 
llence, salt from the West Indies, which is crystallized in solid 
cubes, has been preferred for curing provisions for long voyages, 
or for summer use. In this country, although inmiense quan- 
tities of common salt are manufactured, by the evaporation of 
water from salt springs and from the sea, and a sufficient supply 
for our consumption might be" made, yet we annually import 
large quantities from the West Indies, there having been, until 
lately, an opinion that no other kind of salt would preserve 
animal substances through the hot season. 

458. Dr. Henry, for the purpose of ascertaining the difference 
between English salt, crystallized by heat, and that firom the 
West Indies, crystallized by spontaneous evaporation, analyzed 
many specimens of each. The result showed the presence of 
sulphate of magnesia and sulphate of lime in both, but the dif- 
ference in the quantity of muriate of soda, in several specimens 
of each kind, was so trifling, as to make no possible difference in 
rospect to their preserving qualities. It is presumed, therefore, 
that the prejudices in favor of foreign salt ought to be discarded 
as imaginary, and that equal weights of fine or coarse salt, 
whether made by artificial, or spontaneous evaporation, are 
equally efficacious for all purposes. 

Common salt contains no water of crystallization, but decrepi- 
tates remarkably when heated, owing to the conversion of the 
water into steam, which is mechanically confined within its 
crystals. Its solubility is not, like most other salts, increased by 

How is this salt purified 1 Why were the crystals of this salt always in the form 
of hollow pyramids I What salt was formerly supposed best for the preservation of 
animal substances 1 What is said of the real diflference between salt made by rapid 
or slow evaporation 1 Does common salt contain any water of crystallization 1 Why 
does common salt decrepifate, or fly in pieces, when thrown upon a fire 1 Is th« 
solubility of this salt, increased by heat 1 What quantity of water does it reauire for 
solution 1 ^ 



lieati and it reqtDree two ukI a half times hs irogin of irat«r 
for solution, whether ho: or c;ojd. 

459. Lithia is an aik&Mar ^u'jsisll >•. L-i-.^rrri "'j M». Arf- 
wedson, a Swedish cheini=u in 1^1 ^. li enr.*" Il ij^ iiii^^ru^ 
called spodamtrue, and li/jldoHu, hZid t^^j ii. h.-iu^ ■« irir j^'? of 
mica. 

Thk alkali is dL«tiii^nifcL*:d from pi^.-iat.! tii ^.•la, '■ j rjs 
power of neutraliziDg larger qnantiiir* of iLrr ■^"StTzL'. fa.vi-;. s^ijd 
by its action on platiLum. "wbeii nirrlvri ol :La: iiirisil- 

In respect to its metai!::- lia^e. caijct-i ".iTLiui:.. ^^' H. l*avv 
tfuoceeded, by means of iraivaLi'm, ii o\*i\i1iai.2 a ■»!:-: uj-rLal 
from lithia, similar in aj»j»earaLOr !■'.• s^odiuiii. but it wa^ osjj jm 
so rapidly, and reconvert&i ix.v> the iiikaE that it c-oui-i i^ot be 
collected. 

Lithium combines with w-vera] ac-ii^. f-^rrr.'iL^ %&>.= of various 
kinds, as the carbonaU of lithio. mljJtvU of Hthia. Arc. I: al».y 
unites with sulphur, formiiiir the ^u'jJii'i-: of J::f.i'Jii:. 

Lithia has been jirocured ouiv in v^ry 5-mai; '^uaLtities, abd 
has never been applied to aLy u»;ful j'uqy.>i»e. 

EAUTTJI. 

4 CO. There is a sub<itaijce calied fuIphuU of lyxruU:*. ^\iv:\\ is 
found abundantly in natur.'. by the d'^y^miKr-ition of tLi^ ^ll In- 
stance, an aikaliue earth i^ obtainefL calj*r<i baruto. or Uirt/tet. 
AVIien bante>. in ilj«r f^rm of j»a-sie Uiixed wiib wat*-r. i* frx- 
pjst'd, in C'lntitct with lU'-rcnry, to lb*.' a«:lion of a j-^wr-rlul i;a!- 
vunic ballt-ry. its d'^'ijinji'r.iiion i>» eli«:«;WL and tli*.' ijj- tal 
btiriHtn, it^ liase. ainali;aintit«'« ^ith t)j«; niercurv. Th-: anirtl- 
irain U itiiT ex[Kr>4.'d to hi.-at, the uj<.-n;un' L> driven oti^ and pure 
barium nr mains. 

Tiit^ metal thus obtained, in of a dark ^ay c<>lor, with a lus- 
li-r infi-rior t«> l•a^t-irun. It fu-^i-s at a h«rat Ixriuw r*'dn«^s, and 
at a rt'd li« at is <"'jnverl**4l iuti; vafH^r, which act-s \i'-l'ruily u|*on 

WiiMi IB 1 III a ' III wti^it miiii ra'- iMh n alkai* foumt ) Ifnw n^ iiltiia rlticliii^'-*-^ 
frnm |i"iji^h Mini fiiila ' Wlni ^ kiniMii r<iiir*riiiiie tti* inf^iH'lx Irnhf <**'' 
Writfi an- irif tiin \al«iit iiiiiiiii> tk "f I ihmni aiil l.tli.a ' flow tf bafT 
llv wiiai pp-r- hh I" h.ir iirii ^f |i.ir.iit ■! Iiniii tMr>taT What :m IIw rcl 
Al » iiAl troipi radirc la kurtuui lua.ble ! Whit la the t^ptrcillc j{r«vrf/ ' 
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glass. The specific gravity of barium is four or ^ve times that 
of water. When exposed to the air it falls into a white pow- 
der, which is found to be an oxide of barium, or barytes. 
When heated in oxygen, it bums with a deep red light, and 
when thrown into the water, the fluid is decomposed, hydrogen 
being extricated. 

BARIUM AND OXTGEN. 

PROTOXIDE OF BARIUM. 

Equivalent, 77. Symbol, BaO. • 

1 eq. Barium, 69+1 eq. Oxygen, 8. 

BARTTE8. 

461. When the metal barium is exposed to the air it fisills 
into a powder, which was formerly called pure barytes, or baryta, 
but which Sir H. Davy has proved by the above-stated experi- 
ment, to consist of a metal and oxygen. This substance is, 
therefore, called oxide of barium. 

Oxide of barium may also be obtained by a different process 
from that above described, viz., by exposing the carbonate oi 
baryta to an intense heat, mixed with charcoal 

The carbonate of barytes is found native in small quantities, 
but may be obtained from the sulphate of barytes by a simple 
process. Mix sulphate of barytes in fine powder, with three 
times its weight of carbonate of potash, (peari-ash,) and a proper 
quantity of water. Let the mixture boil for an hour, now and 
then breaking the lumps into which it is apt to run, with a 
pestle. By this means the two salts will decompose each other, 
and there will be formed carbonate of barytes, and sulphate of 
potash. The carbonate may now be exposed to a high heat, or 
it may be dissolved in nitric acid, and thus decomposed, which 
is effected by a moderate heat, when protoxide of barium, or 
barytes, will be obtained. This substance is of a white color, 
has a sharp caustic taste; Changes vegetable blue colors to 
green; neutralizes acids, with which it forms salts, and is a 
strong poison. When water is thrown on it, it falls into fine 
powder, like quicklime, but with a greater evolution of heat 

When barium is exposed to the air, what compound is formed 7 When thrown 
.nfo water, what effects are produced 1 By what process may barium be obtained 
without the agency of galvanism 't How may carbonate of barytes be extracted from 
the sulphate 1 What are the properties of barytes, or protoxide of barium ? What 
i<3 the composition of barytes? In what quantity of water is barytes soluble 1 Wliy 
is b'lrytrs a test for carbonic aci<i i 
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Barytes is composed of 

1 equivalent of barium, . • . . 69 
1 " " oxygen, .... 8 

The equivalent combining number for baiytes, 77 

Barytes is soluble in about twenty parts of water, at common 
temperatures, and this solution forms a delicate test for the 

{presence of carbonic acid. The carbonate of barytes being inso- 
uble in water, a white cloud is instantly formed by the union. 

STRONTIUM. 

Eqaivalent, 44. Symbol, Sr. 

462. The sulphate and carbonate of strontian, or strontia, 
are native salts. They consist of pure strontian, combined 
with sulphuric and carbonic acids. From the sulphate, the car- 
bonate may. be procured by precisely the same means as already 
described for barytes, and the pure oxide may also be obtained, 
and the metal strontium separated from it, by the same process 
as that described for barytes. 

Strontia resembles baryta in most respects. It slakes in 
water, causing an intense heat, and possesses distinct alkaline 
properties. 

The metal strontium is similar to barium in appearance, and 
when exposed to the air quickly attracts oxygen, and is con- 
Terted into strontia. Perhaps the principal difference between 
these two substances, which has been detected, is their different 
oorabining proportions with oxygen, and the inertness of the 
oxide of strontium on animals. 

The protoxide of strontium consists of 

Strontium, 1 equivalent, 44 
Oxygen, 1 " 8 

62 

The oxides of barium, as already stated, are strong poisons, 
but those of strontium are inert. 

How Is the carbonate of fttroDtian produced from the aulphatel How is the pure 
earth strontia obtainrd from the carbonate 1 By what nrocess is the metal stroDtium 
separaird from laruniia i What is the appearance of this metal 7 What is the com- 
pwitiMin of strontia, or the nrotoxide of strontium 1 What is the combining number 
•f siroutia I What is the UiflTfrence between strontia and baryta I 

24* 
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CALCIUM. 

Equivalent, 20. Symbol, Ca. 

463. When carbonate of lime, or white marble, is exposed 
to a red heat, the carbonic acid is expelled, and there remains 
a white caustic substance, well known under the name ofgukk- 
liiiie. "When this substance is exposed to the action of ^van- 
ism, in the same manner as already described for the decomp-o- 
sition of barytes, calcium^ the metallic base of lime, is separated. 
This metal is of a whiter color than barium, and has a luster 
like silver. Wlien exposed to the air^t absorbs oxygen, and is 
coiivertod into quicklime ; and when thrown into water, tbe 
tluid is decomposed, its oxygen being absorbed, while bydrogtn 
is given off, and a solution of lime remains. 

464. Artificial marble. — ^To Mrs. Marshall, of Edinburgh, 
we are indebted for the following singular, and perhaps important 
suggestions and experiments, as detailed in Chambers* Journal 
In about 1840, Mrs. Marshall was struck with the singular idea, 
that the animal and vegetable remains so universally found in 
certain strata of the earth, might, by a chemical or electric in- 
fluence exerted upon the disintegrated particles of these rocks, 
have been the cause of their aggregation. The result of numer- 
ous experiments undertaken by herself, has, she states, satisfac- 
torily demonstrated, that if the constituents of any mineral 
body of which lime forms a part, be mixed in their true propor- 
tions, (the lime used being free from carbon in any form,) and 
these mixed with animal and vegetable remains, under circum- 
stances of due moisture and heat, aggregation of their particle* 
will take place, at periods varying with the substances under ex- 
periment, from a few minutes to houi-s, weeks, and months. 
These artificial aggregations, allowing for shortness of time and 
amount of superincumbent pressure in the natural phcuoniena, 
come so undeniably near, in appearance and qualities to the 
products of nature, as to throw a totally new and interesting 
light on some of her liitherto most mysterious operations. ■ 

Mrs. Marshall's experiments show, that if a mass, in imitation 
of a native mineral aggregate, be prepared, and one portion left 
at rest, while another portion is agitiited or disturbed, the firs»t 
will harden in a few hours or days, into a substance not to bo 
distinguished by the eye from the natural stone, and capable of 

What is quicklime 7 ITow may quicklime be decompoded, and calcium, its 
metallic base, be separated ? What is the appearance of calcium 1 IIow ia ratcium 
couvertAJ into quicklime 1 What eflfect ifl produced when calcium inthrowuiatu 
water 7 G ive an account of Mrn. Marshall's method of makiiig artificial marble. 
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resisting water and weather, while the other portion will take 
ja many weeks to harden, and will then present a mass which 
will fall in pieces by exposure to either. 

These experiments are, to all appearance, worthy of general 
consideration and further trial, for if durable stone can be made 
from the useless chips and refuse of marble quarries, the result 
may be of vast benelit to the world. 

CALCIUM AND OXYGEN. 
OXIDE OF CALCIUM. 

Equivalent, 28. Symbol, CaO. 
1 eq. Calcium, 20+1 eq. Oxygen, 8. 

QUICKLIBIE. 

465. From the quantity of hydrogen evolved by the action 
of calcium on water, it has been determined that lime is 
composed of 

Calcium, 1 equivalent, 20 
Oxygen, 1 " 8 

Making the equivalent for lime, 28 

Carbonate of lime exists in great abundance as a natural pro- 
duct, under the names of limestone, marble, and chalk. Quick- 
lime, the pure earth, is obtained by exposing the carbonate to 
heat, and is a substance of great impoi-tance in the arts, and 
particularly in building. Mortar is composed of this substance, 
combined with water, and mixed with a proportion of sand. 

Quicklime absorbs water with remarkable avidity, and at the 
same time a high degree of heat is produced. This process is 
called slaking, and the heat is caused by the condensation of 
the water into a solid state, in consequence of which caloric is 
evolved. The lime will remain perfectly dry after having ab- 
Forbc*d one-third of its weight of water, which therefore forms 
a part of the slaked lime, or hydrate <jf lime. 

Hydrate of lime is composed of 

28 parts, or 1 proportion of lime. 
9 parts, or 1 " " water. 

37 is therefore its combining number. 



Hnw In the comhiiiiiiK proportion of oxyxen with calcium det«rmloed1 What Is 
tb« coiDpotfltion of lime, ur uxklc of calcium 1 
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466. Lime is very sparingly soluble in water, and it is a an- 
gular fact, that it is more soluble in cold, than in hot water. 
Thus, Mr. Dalton found that one grain of lime, at the tempera- 
ture of 212 degrees, required 1270 grains of water for its solu- 
tion, while at the temperature of 60 degrees, the same quantity 
was dissolved in 7*78 grains of water. By other experiments, 
it has been found that water, at the freezing point, will take up 
just twice the quantity of lime that it will at the boiling point 
Consequently, on heating lime water, which has been prepared 
in the cold, a deposition of the lime will ensue. Lime wat^r, 
therefore, when used for medicinal purposes, should be prepared 
in cold, instead of hot water, as commonly directed, and should 
also be kept in a cool place. It should likewise be closely 
stopped from the air, for, as the lime has a strong attraction 
for carbonic acid, of which the atmosphere always contains a 
small portion, if left open, it is soon converted into carbonate 
of lime, as shown by the production of a thm pellicle on its 
surface. 

Lime water is a delicate test for the presence of carbonic 
acid, with which it forms a white insoluble compound, the ca^ 
bonate of lime. The air from the lungs contains a small quan- 
tity of carbonic acid, and hence, on blowing into a vessel of 
clear lime water, it instantly becomes cloudy, or turbid. 

LIME AND CHLORINE. 
CHLORIDE OF LIME. 

Equivalent, 92. SjTubol, CaaCl. 
2 eq. Lime, 56 + 1 eq. Chlorine, 36. 

BLEACniNG POWDER. 

467. The gas called chlorine, as already shown, possesses 
strong bleaching or whitening powers ; but as it would be in- 
convenient to manufacture this gas at every place where it is 
wanted, and as its application is more convenient when com- 
bined Avith some other substance, it is found that in practice. 

What is the equivalent number for lime ? What causes the heat, when water iJ 
thrown on quicklime 1 What is the scienfific name for slakefi quickUme ? What H 
the composition of hydrate of lime ? What sinjEular fact is mentioned concvrninf 
the solubility of lime in cold and hot water ? How much more lime will wairr di* 
solve at the Ireezinp than at the boiling point? Had lime water, for mf-dicinal pur- 
l)oses, ought to be made with hot. or cold water ? Why ? Why should lime wafer be 
closely stopped from the air 1 Wliv does lime water become cloudy when air frum 
the lungs is blown into it '/ What is the chemical name for bh^aching powder ? Doei 
the bleaching property exist in the lime or io the chlorine 1 What are the adTmntaget 
of combining tne chlorine with the lime for this purpose 1 
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tiiese purposes are best answered by first combining it with 
lime. The manufacture of bleaching powder is a business of 
great importance, and is carried on in large estabUshmente pre- 
pared for the purpose. 

468. Retorts for chlorine. — ^The retorts, in which the 
gas is extricated, are made of lead or platina. If of lead, they 
must be of new metal and cast, for the gas acts on tin, a part 
of the composition of solder, and since old lead generally con- 
tains a portion of this metal, owing to its having been soldered, 
it is soon destroyed. These retorts are placed in iron vessels of 
water, to which the heat is applied. In large manufactories, 
each retort is capable of containing 10 cwt. of common salt, 
grouifl with from 10 to 14 cwt. of black oxide of manganese, 
in proportion as the latter contains more or less oxygen. This 
being introduced, there is added from 16 to 18 cwt. of sulphuric 
acid, of the specific gravity of 1650. The lime, recently slaked, 
is contained in trays or shallow boxes of wood, placed in a 
large chamber, built of granite, or siliceous sandstone, or lined 
on the inside with lead. This chamber has two windows of 
glass, opposite to each other, through which the workmen are 
enabled to see how the process goes on. Every part of this 
chamber is made air-tight, the door being secured by fat lute, 
and strips of cloth. 

In order to get rid of the remaining gas, after the absorption 
of the lime is completed, there are three trap-doors, one in the 
roo^ and two in the floor or sides of the chamber. These are 
opened by means of ropes and pullies, so that the workmen 
may avoid the vapor that passes out 

469. Process for chlorine. — The lime being placed in 
the boxes, the ssr is let into the chamber from the retorts, 
under which a nre is afterward kindled, in order to hasten the 
process, and obtain more chlorine. The gas, being heavier 
than air, is let in at the upper part of the room, and gradually 
descends, while the air in part mixes with it, and in part rises 
above it 

The lime absorbs the chlorine with great avidity, its conden- 
sation causing the evolution of a large quantity of caloric ; tlie 
latter circumstance is, however, to be avoided, as too high a 
heat partly decomposes the chloride of lime, by expelling tlio 

Why mutt new lead be used for retorta in makinf chlorine 1 Describe the cham- 
ber III which (he lini**, for making the chloride of lime, in placed. What contains the 
lime when placed in the chamber 1 Into what part of the room ia the chlorine ad< 
mined 1 Whjr muct the chlorine be admitted ak>whr1 If the beat riaes U»o higk 
wh7 ia there a muriate, Inatead of a chloride of lime (ormad t 
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oxyijeii, and thus forming a chloride of calcium, instead of a 
chloride of lime. The gas is, therefore, admitted slowly, in at- 
dor to avoid this consequence. 

The process continues four days, before the absorption is 
considered sufficient to make the best bleaching powder, for its 
quality depends entirely on the quantity of chlorine which the 
lime contains. 

470. In some manufactories, the lime is stirred by means of 
rakes, with long handles, passing through the sides of the 
room, the passages being made close by means of milk of lime, 
or lime moistened, so as to be about the consistence of cream, 
and contained in boxes through which the handle passes. In 
otlioi-s, the traps above described, are opened at the end Ttf two 
djiys from the beginning of the process, and when the gas h» 
subsided, the workmen enter and rake over the lime, so as to 
present a new surface to the action of the gas. The doors And 
traps are then closed, and the gas admitted for two days more, 
at the end of which time the process is finished, and tie doors 
are again opened, and the chloride of lime removed, and pat 
into close casks for use. 

Tn general, according to Mr. Gray, a tun and a half of good 
bleaching powder is considered the average product of each tun 
of the salt employed. 

471. It is said that the principal difiSculty in the manufac- 
ture of this article, is the production of chloride of calcium, bv 
decomposition, instead of the chloride of lime. To understand 
tlie cause of this difficulty, it must be remembered, that calcium 
and chlorine have a stronger affinity for each other than cal- 
cium and oxygen. Lime is composed of calcium and oxvgen; 
and chloride of lime is therefore composed of oxygen, calciura, 
and chlorine. Now these three elements being present, there 
is fonned a chloride of calcium, in consequence of the cause 
just stated ; and in proportion as this is formed, the bleaching 
property of the salt is destroyed, this property being possessc-d 
only by the chloride of lime. The same effect is produced 
when the temperature is raised too high during the manufac- 
ture of this compound, for then the oxygen of the Ihne or Itase 

IIow lon^ a time is required for making the best bieacliine powder? In what 
manner is the lime stirrfd, in order to liasU n its ab^orplion of the cltlorine ? What 
i)n»|iortion dots the blearhiiiK powcJrr forrntd. bear to (he qiiantitvofsalt emplo\eill 
Wh!it is said to be the principal ditficuity in the umnufucture of bleaching iM»w*derl 
Wh.Ht is the dilT< rtiicf tn conij)ositU)n between mnri.-ilc of lime and chloride of lime' 
FlAolain the chemical chnnjfis which take place when chloride of lime im dtcomuuHrJ 
by heat, and convert(d iiHo muriate of lime. In what manner is chloride miin» 
fifcomposed, whm it is exposed to the nrmoi>phrre ) 
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is expelled, and the calcium and chlorine form chlonde of cal- 
cinm. The only mode of avoiding this difficulty appears to 
consist in admitting the chlorine slowly, as already stated. 

This salt is also subject to decomposition from other causes. 
When mixed with water, and exposed to the action of the at- 
mosphere, carbonic acid unites with the lime, while the chlorine 
is expelled, and thus a carbonate instead of a chloride remains, 
or by decomposition of the water, a muriate of lime is formed, 
which is also without bleaching properties. 

472. As the goodness of bleaching powder depends entirely 
on the quantity of chlorine it contains, it is a matter of gn»at 
consequence to the purchaser to ascertain its quality in this 
respect, by actual experiment. According to the experiments 
of Dr. Ure, lime, under a slight pressure, is capable of conden- 
sing nearly its own weight of chlorine ; but according to the 
flame author, the bleaching powder of commerce always con- 
tains a considerable proportion of the nitrate of lime, while the 
chloride itself often does not contain more than one-half or one- 
thin I the quantity of chlorine which the lime is capable of ab- 
sorbing. Hence the consumers of this article are often cheated 
out of one-lialf or two-thirds of the price they pay for it, 
besides the delay and vexation incident upon tlie failure of the 
proc4*ss in which it is used. The manufacturers of paper and 
cotti»n g<xxls are often sensible of this fact, by experience. 

It a]>pears, on experiment, that when bleaching powder is 
kept for a considerable time, even in a properly secured vessel, 
such as glass l>ottK*s well corked, that it still slowly undergoes 
the same change, which is immediately eflfected by heat, as do- 
serilHHl above. This seems to be inconsequence of the 8up<»rior 
affinity of chlorine for the calcium, or the metidlic bases of the 
lime, by which the oxygen is slowly disengaged, and a chloride 
of <::dcium, «)r muriato of lime, is formed, and thus the bleach- 
ing |)owder is in process of time entirely destroyed. 

Tlie principal ex|>«^nse of manufacturing chloride of lime, 
being that of the chlorine itself, and there lacing no methoil of 
a>/'4>rtuining its ({U.'intity, exeept by ex|K*rinient, tlm purehas^-r 
gi'iierally h«s to dt'p<Mnl <*hi«'tly on the honesty of the mjiniifae- 
turer, fi»r the g(VMhu*ss of the artiel<*, even when re<H»ntly made. 
J»ut IIS there are several eauses of decomposition, even wIkmi it 

(til whnt iliM-K tiir bleachiiis pntp* riy of the chloride (Icneiid 1 What (luniitity of 
ciiliiriiir iH iini'- r.apiib'.f) nl (th-oi iimt; I ArcunliiiK to Dr. Ure, what iIoi-h iiu- bleach- 
ing |ifiwil«-r itl L-oiiiui*-ri:r cchiIa.u h<-Ni(ii-b the chioriduul lime ? What kind ufdicom* 
poftilioii flur« tile«chtiiK powiltr ftlowiy uiid«Ti;n whf n conHiird in cluiw vekcclo •' 
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is bonefltly and carefully made, the buyer is still liable to be 
deceived, unless he makes his experiment before the purchase. 

Under such circumstances, the English chemists have devised 
several simple methods of testing the quality of bleaching pow- 
der, in order that the buyer might judge of its goodness withr 
out actual trial at home. 

473. Test for chloride of lime. — One of these methods 
is, to expose the salt to a sufficient degree of heat to expel the 
oxygen from the lime, and by measuring its quantity, to judge 
of the quantity of the chloride of lime. The quantity of oxy- 
gen thus expelled, indicates the quality of the bleaching pow- 
der, so far only as regards the quantity of muriate of lime with 
which it is mixed ; for, as above stated, the base of the chloride 
contains oxygen, while the muriate contains none. But in 
addition to the imperfections of this method in not indicating 
the actual quantity of chlorine present, there is much difficulty 
in ascertaining the quantity of oxygen by it, since various pro- 
portions of chlorine might also be disengaged by the heat, a]ong 
with the oxygen. This method can not, therefore, be readily or 
generally employed. 

It has also been proposed to analyze the powder by nitrate 
of silver. But this test only indicate the quantity of muriate 
of lime, by forming with the muriatic acid an insoluble chloride 
of silver. This test is therefore useless. 

Several otlier methods have been tried, and among them, 
that of destroying the color of a certain quantity of indigo has 
been most employed. 

A known quantity of indigo being in solution, a certain num- 
ber of grains of the powdems added, and the strength of the 
latter ascertained by the amount of coloring matter destroyed, 
or by the number of grains required to discharge, entirely, the 
color of a certain quantity of indigo. 

This method has the advantage of simplicity, but is defective 
in other respects, and particularly so in regard to the diflference 
in the quantity of coloring matter in different kinds or specimens 
of indigo. 

The most accurate method is to decompose the chloride of 
lime confined in a glass tube, over mercury, by means of mu- 
riatic acid. The chloride, by this means, would only be decora- 

On what principle haait been proposed to ascertain theKoodoeaaof bleachiof pow- 
der by the quantity of oxygen it contains 1 flow is the goodness of bJeaching pow- 
der tested by means of a solution of indigo 1 What is the defect tn (his mrthodt 
Wiiat is said lo be the most accurate method of aacertainiiif the qu«ntitT <tf chkinds 
in bleaching powder 1 
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posed, and concerted into the muriate of lime, while the mnri- 
ate already formed, would remain as before. By this process 
the chlorine of the chloride is set free, unmixed, and its quan- 
tity readily measured by the tube in which the experiment is 
•made. 

There being no standard of the quantity of chlorine which 
the best bleaching powder ought to contain, it is by the com- 
parison of different specimens only, that the purchaser can be 
guided. 

474. DisnryKCTiNO property op chloride op lime. — ^Ex- 
periments hare long since shown, that chlorine has the power 
of combining with, or in some other manner, neutralizing, or 
destroying, the fetid exhalations arising from putrefying sub- 
stances, and of preventing their deleterious effects. In cases of 
infectious disease, therefore, it is highly useful. For this pur- 
pose, a table-spoonfiil or two of the powder is mixed with a 
pint of water, and placed in the sick room, and sprinkled in 
the rooms adjoining. The fetid effluvia from putrid water, from 
sink drains, or from any other source, is immediately destroyed 
by the application of a quantity of the chloride. 

By placing a sheet, wet with the chloride of lime water, in 
the bottom of the coffin, and afterward often sprinkling the 
shroud with the same, the bodies of the dead may be preserved 
without offense for many days in the hottest season. 

475. Phosphuret op ume. — ^This compound is formed by 
passing the vapor of phosphorus over fragments of quicklime, 
at a red heat. The experiment may be performed m the fol- 
lowing manner : 

Having procured a tube of green glass about a foot and a 
half long, and half an inch in diameter, stop one end with a 
cork, or otherwise, and place in it a dram of phosphorus, letting 
it occupy the closed end. Then holding the tube in a horizon- 
tal position, push into it with a wire, or rod, pieces of fresh 
burned quicklime about the size of peas, until they fill the mid- 
dle part of the tube, taking care that the lime does not reach 
the phosphorus by two inches. Then stop the mouth of the 
tube loosely, to prevent the free access of the air, but leaving 
room for that in the tube to pass out as it expands. 

Next, heat that part of the tube containing the lime red hot^ 

la th«ra any aiaiidard of the atrength of bleachlnff powder 1 What ia aald of tlM 
.diwnfrriiiui |»owrr of chlorine 7 What ia phoaphurel of lime 1 Deacrlbe the proeatf 
of making the phopphurct of lime. When phoaphuret of lima la tbrown lato wwUr$ 
what ara tlic cncmieal el»aiif ea pro(iuc«(l 7 
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by means of a cliafing disli of coals, at the same tune keeping 
the phosphorus cool by a wet rsg passed round the end of the 
tube. When the lime is seen to be at a red heat, bring a hot 
iron, or lamp, under the phosphorus, which will soon be turned 
into vapor, and passing over die lime, the two substances com- 
bine, and form the phosphuret of lime. 

When phosphuret of lime is thrown into water, mutual de- 
composition ensues, and there rises bubbles of phosphureted 
hydrogen through the fluid, which take fire on reaching the 
air. The phoAjHiorus absorbs the oxygen from the water, thm 
liberating the hydrogen, which combines with a portion of 
phosphorus, forming the gas above named. 



CHAPTER XIX. 



ORDER H 

Metals which are supposed to he analogous to Order \9i. 
They are the metaUic bases of the earths. These are, 

Magnesium, Yttrium, - Zirconium. 

Glucinum, Aluminum, 

476. Magnesia, glucina, yttria, alumina, and zirconia, before 
the galvanic experiments of Sir H. Davy, have been known 
under the general name of earths, and were considered pure 
elementary substances. When these earths are submitted to 
the action of a powerful galvanic battery, they all give more or 
less evidence that their bases are metals, combined with oxy- 
gen. Magnesia, for instance, when exposed for a long time to 
the action of a powerful battery, in contact with mercury, ap- 
pears to be decomposed ; for the mercury becomes enlarged in 
bulk, and losing its fluidity, show signs of having formed an 
amalgam with the metallic base of the magnesia. When this 
amalgam is heated in a close vessel, out of contact with the 
air, the mercury is driven off", and there remains a dark gray 
film, of a metallic appearance, which, when exposed to the ac- 
tion of oxygen, is converted into a white powder, having the 

Whiit is the definition of Order 2d 1 What are the names of the eabtUncet beloi«* 
Ipg to Qrder 2d 1 Under what names were these substances kuown before the ei- 
periments of Sir H. Davy 1 Were they formerly considered eompoand, or clemea- 
tary bodies 1 What is the reason for supposing that maxnesia baa a metallic bssel 
What it the reason for sup}'08i..f that alumina has a meUulic basri 
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prop e rties of magnesia. It is therefore concluded, that magne- 
sia has a metallic base, though the metal itself has never been 
separated in such quantities as to allow any further examination 
of its properties than those above stated. 

When the earth alumina, which is the base of alum, is 
brought into contact with the vapor of potassium at a white 
heat, and in a close vessel, the potassium is converted into pot- 
ash. Now, as potassium is converted into potash only by the 
absorption of oxygen, and as the oxygen could have been de- 
rived from no other source except the alumina, such an experi- 
ment shows that alumina contains oxygen, and. therefore by 
analogy, there is reason to suppose that alumina is composed 
of the metal aluminum and oxygen. 

477. The other earths above named, when submitted to 
similar experiments, have each shown that they contained oxy- 
gen ; and as potash, soda, and lime, are known to be metallic 
oxides, that is, to consist of a metal combined with oxygen, it 
is inferred that the earths, possessing similar properties, are also 
composed of a metal united with oxygen. It is therefore 
agreed among writers on chemistry, that the bases of these 
earths should be arranged as metals, under the names above 
specified ; though their existence, with perhaps the exception of 
magnesium, has never be^n directly proved. 

In consequence of the discovery, or the inference, that the 
earths possess metallic bases, their tiames, in conformity with 
the language of chemistry, are changed from words denoting 
simple bodies, to such as denote compounds. Thus, the earth 
formerly called magnesia, is now known under the name of 
oxide of magnmuniy and the simple term aluminay is changed 
to oxide of aluminum^ the same language being adopted with 
respect to all the other earths above named. 

PEOriRTIEf or THE EARTH!. 

478. Magnesia, or oxide of magnesium. — ^Pure magnesia 
is well known as a medicine, under the name of calcined maff- 
noflia. This is obtained by exposing the carbonate of magnesia 
to a red l\cat. It is white, tasteless, and inodorous, but possesses 
slight alkaline properties, being capable of changing the blue 
colors of vegetables to green, and of neutralizing the acids, with 

Oo whMt frnundii in it lM>li«Tr(l that the other eartha beloofinir to this order have 
mcUtllic hweu 1 What are the acieiitiflc names of mairnesia and alumina, cuppoRiDg 
them to b«r the oxide* of meUln 1 How la pure mafoesU obCaintd 1 What afltet 
d'Ka iftuKDrnia Itavr on vefi laM« color* ) 
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which it fornas various saline compounds. One of these, the 
sulphate of magnesia, or Epsom salts, is a well known medknoe. 

Magnesia, in a few instances, has been found in the native 
state, but always in small quantities only. That sold by 
apothecaries is obtained from certain springs, as that of £^)som, 
where it exists, in combination with sulphuric acid, forming 
Epsom salts, which is dissolved in the water. 

Calcined, or pure magnesia, if exposed to the air, absorbs 
carbonic acid, and is converted into a carbonate. Hence, a 
large proportion of that used in medicine, tmd sold for calcined, 
is in truth the carbonate, the change being effected by careless- 
ness in exposing the calcined to the air. 

479. Alumina, or oxide of aluminum. — ^The earth alu- 
mina is one of the most abundant productions of nature, every 
description of clay being an aluminous earth, of a greater or 
less degree of purity. The clay of which bricks, pipes, and 
earthen-ware are made, consists chiefly of this earth. The ruby 
and the sapphire, two of the hardest and most beautiful of 
gems, are also composed of alumina. Pure alumina, for ex- 
periment, is most easily obtained from alum, which is a sul- 
phate of alumina and potassa. To obtain the earth, dissolve 
one part of alum in six parts of boiling water, and when the 
solution is cold, add one part of carbonate of potash. By tbis 
process the sulphate of alumina is decomposed, in consequence 
of the strong affinity existing between the potash and sulphuric 
acid, and two new salts are formed, viz., sulphate of potash and 
carbonate of alumina, the latter being precipitated to the bot- 
tom of the vessel. This precipitate being washed, and then 
exposed to a red heat, to expel the carbonic acid, is pure 
alumina. 

The substance, thus procured, is white, inodorous, soft to the 
touch, and tasteless. Mixed with water, it forms a mass which 
i8 exceedingly plastic, and may be worked into all shapes. 
The tenacity of every kind of clay is owing to the alumuia it 
contains. 

Alumina, being insoluble in water, docs not affect tlie colors 
of vegetables. It, however, performs the part of an alkali 
in neutralizing the acids, and forming with them saline 
compounds. 



What 18 the most common salt of which magnesia is the bane ? How it pore mag- 
nesia converted into a carbonate 1 How is the uncertainty of ma^mUu a* a medi- 
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480. Gluoikta, or oxide of glucinum. — The earth called 
glncina has been discoyered but in small qnantities, being 
known to exist only in the minerals, emerald, beryl, and eu- 
dase. Its name comes from a Greek word signifying sweet, 
because some of its combinations are sweet to the taste. In 
some of its properties it resembles alumina, and in others it 
differs from all the other earths. One of its distmctive proper- 
ties is that above mentioned, of forming a compound, when-dis- 
solyed in sulphuric acid, which is sweet to the taste. 

481. Yttria, or oxide of yttrium. — ^Yttria resembles alu- 
mina and glucina in most of its chemical properties, but differs 
from them both, in being insoluble in a solution of pure potash. 
This earth has been found only in a single rare mineral, in 
Sweden. It forms peculiar salts, when combined with the 
acids, and is thus known to differ from all the other earths. 

482. ZiRCONiA, OR OXIDE OF ZIRCONIUM. — ^This earth is also 
exceedingly rare, having been detected only in the zircon, a 
precious stone found in Ceylon, and the hyacinth of France. It 
resembles alumina and the other earths in being a white soft 
powder. Its salts are distinguished by being precipitated from 
their solutions by all the pure alkalies. 

Zirconium, the base of this earth, was separated from its oxy- 
gen, by the Swedish chemist Berzelius, in 1824. It was in the 
tbnn of a black powder, which took fire in the open air at a 
temperature far below a red heat, and burned with a bright 
flame. The product of the combustion was zirconia. But 
whether this base is of a metallic nature, has not been decided. 
It is wanting in one property common to all metals, being a 
non-conductor of electricity. 

483. Silica, or oxide of silicium. — Sir H. Davy's experi- 
ments on silica led him to suppose, that in common with the 
earths above described, it had a metallic base, and it was ar- 
ranged with them, in conformity to this opinion. But more 
recently, Berzelius has succeeded in decomposing this earth, 
and has given an account of the properties of its base. From 
this we learn that silicium is of a dark brown color, without thfe 
least trace of a metallic luster. That it is incombustible in the 
open air, or in oxygen gas, and that it may even be exposed to 

What chemical changes take place when aluniwin solution, is mixed with carbon- 
ate of potash 1 What is the appearance of pure alumina 1 In what minerals docs the 
oxide of glucina exist 1 What is the meaning of the word glucina, and why is this 
earth no named 7 How does yttria differ from alumina and glucina / In what min- 
erals has the earth zirconia been found? How are the salts of zirconia distin- 
guishf d 1 What is said of the metallic base of zirconia 1 What Is said of the metaUic 
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the flame of the blow-pipe without fusion, and without suffering 
the least change. It is not dissolved by any of the acids, ex- 
cept a mixture of the nitric and fluoric, with which it readily 
enters into solution. It is not a conductor of electricity. 
These properties, and particularly its want of metallic luster 
and of power to conduct electricity, prove that the base of silica 
is not of a metallic nature. 

Silica, or silex, is a very abundant natural product. It forms 
a large part of all granitic, or primitive rocks, and mountains^ 
and is the chief ingredient in sandstones, and earthy formations. 
Rock crystal, or quartz, flint, chalcedony, agate, carnelian, and 
all other substances of this kind, are composed almost entirely 
of silex. 

484. Silica may be obtained in sufficient purity for most 
purposes, by heating transparent rock crystal to redness and 
plunging it into water while hot, and then reducing it to 
powder. 

In this state, silex is a white powder, which feels harsh when 
rubbed between the fingers, and has neither taste nor smell. It 
is exceedingly infusible, but may be melted with the compound 
blow-pipe. It resists the action of all the acids, except the 
fluoric, which dissolves it with considerable facility. It is dis- 
solved by the fixed alkalies, and hence it would appear that its 
properties are rather of an acid, than of an alkaline nature. On 
this account most chemists have called silica an acid, and the 
compounds which it forms with the alkalies, have been termed 
silicates. 

From what has been said, the student will infer that there is 
yet considerable doubt and uncertainty, in respect to the real 
nature of silica. 

Dr. Thompson, being convinced of its non-metallic nature, 
arranges it with the simple bodies carbon and boron. There is 
no doubt, however, from the experiments of Davy and Berze- 
lius, of its compound nature ; and that it consists of a base com- 
bined with oxygen, has been proved by direct experiment 
But that its base is "not a metal is proved from its want of lus- 
ter, and power to conduct the electric fluid, those two proper- 
ties being essential to all metallic bodies. 

485. Glass. — Silex in the form of sand, is a principal article 
in the manufacture of glass. The common dark colored, or 

What substances are mentioned of which silica forms the principal part 1 How* 
may pure silica be obtained 1 What are the properties of siticH 1 What is said of 
the compound nature of silica 1 
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green glaos, is composed of impure sand, which contains oxide 
of iron, melted with kelp, wood-ashes, or knpure potashes. 
Crown glass, for windows, is composed of white sand, fiised with 
a purer alksdi. Plate glass, for looking-glasses, is made of still 
purer materials ; and what is known by the/ name of flint glass, 
of which decanters, and other ornamental, or cut glass-ware are 
made, is composed of 'the purest sand and alkali, with the ad- 
dition of a considerable portion of lead, which is added in the 
form of litharge, or red lead. This is the softest and heaviest 
kind of glass. It cuts more easily, and withstands the changes 
of temperature much better than glass containing no lead. 

• 
ORDER UI. 

Metals which decompose water at a red heat. These are, 



Manganese, 


Iron, 


Nickel, and 


Zinc, 


Tin, 


Cadmiimi. 


Cobalt, 







486. The power of a metal to decompose water, "depends on 
its affinity for oxygen. In some instances, as in those of potas- 
sium and sodium, already given, the metals have so strong an 
affinity for oxygen, as to absorb it from water, at common tem- 
peratures. Other metals do not decompose this fluid at a;iy 
temperature, such being the 4th order of the present class. 
Those now to be examined have an affinity for oxygen, which 
they slowly absorb from the atmosphere, and a part of which 
they retain at high degrees of heat. But their attraction for 
oxygen is not in sufficient force to decompose water, except 
when heated to redness, when the combination is effected with 
considerable rapidity. 

MANGANESJE. 

Equivalent, 2$, Symbol, Mn. 

487. This metal always occurs in nature in combination with 
oxygen, and which it holds with such force as tO' require the 
m<jHt intense heat for its removaL The metal may, nowever, 
t)e obtained in a pure state, by exposing the black, or peroxide, 
mixed with a combustible, to the highest heat of a smith's 
forge. Tlie combusliblo, which may be pitch, or powdered 

Wtitf UM it made of iiUex in the artsi Explain Itie difference between ffreeo 
kUlwi, crown ulaiw, and plate gUum. Wiiat is the composition of cut glass 1 What Is 
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ueeur to aalura 1 



296 BLACK OXIDE OF UANGANESK. ' 

charcoal, with which the oxide is mixed, is thus made to ab- 
sorb the oxygen, and the metal is found at the bottom of the 
crucible. 

Man^nese is of a dusky white color, with a specific gravity 
of 8. When exposed to tJie air it absorbs oxygen, and soon 
fidls into powder, which afterwards changes its color from gray 
to brown, and from brown to black, according to its grade of 
oxidation. When, this metal is exposed to a red heat, and the 
steam of water is passed over it, decomposition takes place, the 
oxygen of the water combines with the manganese, and the hy- 
drogen is disengaged. 

MANGANESE AND OXYGEN. 
PEROXIDE OF MANGANESE. 

Equivalent, 44. Symbol, MnO^. 
1 eq. Manganese, 284-2 eq. Oxygen, 16. 

BI.ACK OXIDE OF MANGANESE. 

488. This compound occurs abundantly in nature, and is 
known under the name of black oxide of manganese. It is 
found in amorphous masses, of a dark gray or nearly black 
color, and is commonly mixed with various proportions of sand, 
oxide of iron, carbonate of lime, or other impurities. In ite 
pure state, it occurs in the form of prismatic crystals, of a dark 
color, and slightly metallic luster. 

In this state the metal contains its full proportion of oxygt^n, 
and undergoes no change on exposure to the air, or to a moder- 
ate heat. When heated to redness, it parts with one propor- 
tion of oxygen, and is converted into a deutoxide. In this 
manner oxygen gas may be obtained. The peroxide of man- 
ganese is of considerable consequence in the arts, and particu- 
larly in the formation of chlorine for the manufacture of bleach- 
ing powders, and also in furnishing oxygen gas for other 
chemical uses. The methods for obtaining these gases have 
already been described. 

The peroxide of manganese is composed of 

1 proportion of manganese, 28 

2 " " oxygon, 16 

44 
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There are two other oxides of manganese, viz^ the protoxide^ 
and the deutoxide. There is also reason to believe that man- 
ganese is oapable of combining with such proportions of oxy- 
gen as to form acids ; but the subject has not been sufficiently 
investigated to determine the composition or nature of these 
compounds. 

Manganese combines with the acids, and forms a variety of 
salts, which are either colorless, or of a reddish or pink hue. 
These salts are found only in the laboratory of the chemist, and 
are of no use in the arts. At a red heat tnis metal decomposes 
water. 

isoN, (ferrum.) 
Equivalent, 28. Symbol, Fe. 

489. This well known metal has a gray cdlor, and a strong 
metallic luster, which is much improved by burnishing. L-on 
is at once the most useful, the most abundant, and tXie most 
universally diffused of all the metals. It is found in the min- 
aral, t£e vegetable, and the animal kingdoms, and in some 
countries it exists in such quantities as to form moimtains of 
considerable size. 

When heated, it becomes soft and malleable, and in this 
state two pieces may be incorporated, or welded together, by 
hammering. Its specific gravity is about 8. It i^ attracted by 
the magnet, and may itself be made permanently magnetic. 
This property is of vast consequence to the world, being pos- 
sessed by no other metals except nickel and cobalt, and by 
these in a much inferior degree. 

490. Affinity for oxygen. — Iron has a strong affinity for 
oxygen, and when exposed to air and moisture, soon rusts or 
oxidateiS on its surfsuse. In a perfectly dry atmosphere, however, 
it undergoes little or no change, a proof that it absorbs oxygen 
with more facility from water than irom the air. When heated, 
it attracts oxygen both from air and water, with great rapidity. 
Wlicn the steam of water is passed over iron, at a red heat, the 
water is decomposed, its oxygen combining with the metal, 
while tlie hydrogen is set at liberty. When heated to redness, 
in oxygen gas, it bums with intense bnlliancy. Iron is exceed- 

What is the Kientific name for black oxide of manganese 1 When peroxide of 
manfaneae is heated to redness, what chemical change does it underso ? Of what 
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ingly ductile, and may be drawn into wire not exceeding the 
thousandth part of an inch in diameter ; but it can not, like 
gold and silver, be hammered into thin leaves, and ther^ove is 
not highly malleable. 

The ores of this metal are very numerous, and some of them 
highly beautiftd and interesting. They are chiefly sulphureto 
and oxides, but the oxides are the only ores from which the 
metal is obtained. 

Iron has, in a few instances, been found in its native state, 
mixed with lead and copper, or with some earthy substance. 
It has also been found in large masses, alloyed with five or six 
other metals, and called meteoric iron, from an opinion that 
these masses fell from the clouds. Native iron is soft and mal- 
leable as it occurs, and does not differ from that which has been 
reduced from its ores and purified. 

Cast-iron contains variable proportions of carbon and oxygen, 
and in this state it is hard and brittle. These impurities are 
detached by the process of refining, and then tlie iron becomes 
soft and malleable. 

491. Steel. — Steel is made by heating pure iron with car- 
bon, or charcoal, by which it is rendered exceedingly hard and 
brittle. This change is produced in consequence of the absbrp- 
tion of a portion of carbon by the iron. Steel, therefore, is 
composed of iron and carbon, and its scientific name is carburet 
of iron, 

492. Coating iron with other metals. — ^Messrs. Gressel 
and Redwood, of London, have recently patented the following 
methods of coating iron with zinc, and other metals. The zinc 
is melted in an open vessel, and on its surface is placed a layer 
of chloride of zinc, or a mixture of equal parts of chloride of 
zinc and chloride of potassium, in the proportion of eight of the 
former and two of the latter. When the chloride on the sxa- 
face is in a state of ftision, the sheets of iron to be coated are 
placed in the melted zinc, and allowed to remain there for a 
short time, or until a coating of sufficient thickness adheres to 
it, when it is withdrawn. If any part of the surface is imper- 
fectly covered, this is sprinkled with the sal ammonia, and the 
sheet of iron again immersed in the zinc bath. 

493. To coat iron with silver. — The iron must first be 

What is said of the ductility and malleabilitr of iron 1 In what state does iron oo 
cur a8 a natural product 1 What is the ore from which iron ie extracted 1 What 
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made 1 What is the composition of steel 1 
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ooveredy or amalgamated with mercury, by the following pro- 
cess : 12 parts, by weight, of mercury, 1 cdf zinc, 2 of sulphate 
of iron, 2 of muriatic acid, and 12 of water, are mixed together 
and heated in an open vessel to about 200 degrees Fahrenheit. 
Into this the iron is immersed, and while warm, the mercury is 
rubbed on the surface until it adheres by amalgamation. The 
silver, having been nielted in a crucible, the am^gamated iron 
being dipped therein, a coating of the silver will be deposited 
on its suHace. 

IRON AND OXYGEN. 

OXIDE OF IRON. 
KUBT OF IRON. 

494. Iron combines with oxygen in two proportions, forming 
the blue and red oxides of tliis metal. 

496. Protoxidk of iron. — ^The black, or protoxide of this 
metal, is formed by passing dry hydrogen over the red oxide, 
at a temperature a little below redness. This oxide is composed 
of 1 equivalent of iron, 28, and 1 equivalent of oxygen, 8. Its 
combining number, therefore, is 36. Symbol, FeO. 

496. Thk black oxide of iron, which occurs in the form 
of scales, when iron is heated, and hammered in the open air, is 
not a definite compound, but a mixture of the black oxide, and 
metallic iron. 

497. Peroxide of iron. — ^This is the red oxide, and is 
known to mineralo^sts as a native compound, under the name 
of red hematite. The same article is known to button-makers, 
an<l other artists, under the name of blood stone, and is em- 
ployed to polish their work. The peroxide may be prepared 
by art, by dissolving iron in nitric acid, then precipitating it 
with ammonia, and heating the precipitate to a little below red- 
neHH, to drive oflf tlie acid. Its color and other properties are 
liktf those of the native red oxide. The peroxide of iron is com- 
])oscd of iron, 28, and oxygen, 12. 

498. The brown oxide of iron is composed of precisely the 
same proportions of the metal and oxygen as the red qxide, but 
in adaition to these ingredients, it contains one proportion, or 9 
fmrts of water. 



Whmi b the ■eientiflc iwine of titt\ 1 What it the method 
sinci How OU7 iron be coated wHhsilTerl Id how maaj 
combine witb Iron 1 What are the names of theaa ojcideal ..^ .-- _ 
of ihe protoxide 1 Wiut in the compotittoo of the perosldt 01 IfWi » - 
brown differ from the red oxide of iron 1 



etbod of eoattaflH 
ay proportioaa dMS 




300 ^BIXJBt OW UOK. 

The other oxides of iron are either mixtures of the red and 
blue oxides, or one or both of these oxides containing vaiioiii 
impurities. The great number of oxides of this metal, described 
in Dooks of mineralogy, and differing from each other in color, 
hardness, and form, arise frcon such mixtures. Thus, the mag- 
netic oxide of iron, or native magnet, is composed of peroxide 
of iron, 71, and protoxide 29 to me 100. The brown oxides of 
iron all contain water, and are, therefore, called hydrates. The 
ochres are of this kind. 

Iron combinG< with carbon, sulphur, iodine, phosphorus, and 
the different acids. Its compounds are, thereK>re, exceedingly 
various, in respect to form, color, and properties. We shall, 
however, examine only two or three of these compounds here, 
the salts being reserved for another place. 

499. Carburet of iron. — Steel, we hare already said, is a 
carburet of iron. This important metal is manufactured from 
the iron, by exposing the latter to a long continued red heat, in 
contact with charcoal. For this purpose, the purest malleable 
iron, in bars, is employed, and is found to gain in weight, one 
pound in 150, by the process. Steel, therefore, consists of iron 
combined with a 150th part of its weight of carbon, which it 
absorbs from the fire. When iron is perfectly inclosed, and 
heated with a fragment of diamond, it is converted into steel, 
in the same manner as when heated with charcoal. This ex- 
periment shows the identity of carbon and diamond, the only 
difference being the color and crystalline form of the latter. It 
also proves that the hardness of steel is owing to the particles 
of diamond which it contains. 

The native carburet of iron, commonly known under the 
name of black lead, or plumbago, contains 95 parts of carbon 
and 5 of iron. This substance is in^ible at the highest heat 
of a frimace, and hence is employed in making crucibles and 
melting-pots. It is also used in making black lead pencils. 

600. Sulphide of iron. — This compound occurs as a 
natural product, and is known to mineralogists and others un- 
der the name of iron pyrites. It is a yellow brittle substance, 
often crystallized in the form of cubes, or octohedrons, with 
their surfaces highly polished. These specimens are generally 
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taken' for gold, by thoee who are ignorant of sndi matters, and 
the placea where they are found are sometimes kept a profound 
secret fi>r years, for fear the owner of the soil should claim a 
part c^ the wealth. Eyery mineralogist, on pronouncing such 
^wcimenB of no value, has occasionally witnessed the fiiUen 
CQontenance of the applicant, whose hopes and expectations he 
had thus blasted. Sulphide of iron may also be formed by 
touching a bar of iron, at a glowing red heat, with a roll of 
brimstone. The compound will Ml down in drop». The 
natural and artificial sulphurets are composed of- precisely the 
same definite proportions, yiz., iron, 28, and sulphur, 16. 

, ZINC. 

E^uiYalejQt, 32. Symbol, Zn. 

501. 2Snc, when pure, is of a bluish white color, and of a 
striated fracture, presenting the result of a confused crystalliza- 
tion. When rubbed with the flilgers it imparts to them a 
peculiar metallic taste and smell. When cold, t£is metal is 
not malleable, but when heated to between 200 and 300 de- 
grees, it becomes both malleable and ductile. K its tempera- 
ture be raised to 400 degrees, it becomes so brittle as to bo 
readily reduced to powder, in a mortar. 

Zinc melts at 680 degrees, and if this temperature be in- 
creased, it bums with a bluish flame in the open air. When 
melted with copper it forms the alloy, well known tmder the 
name of bnus, 

502. Calamine. — Zinc never occurs in the native, or pure 
state, but is always found combined either with sulphur, car- 
bonic acid, or oxygen. The sulphuret of this metal, called zinc 
blende, and the carbonate, called calamine, are the ores from 
which zinc is obtained. The sulphuret being roasted, that is, 
submitted to a low red heat in the open air, to drive off the sul- 
phur, and oxydize the metal, is then melted with charcoal, by 
wliicli the oxygen is absorbed, and the metal reduct^d. The 
calamine is first roasted to drive off' the carbonic acid, and is 
then distilled in iron retorts, by which means the pure metal is 
obtained. This latter process is said to have been learned of 
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the Chinese, and that a man was sent from Europe to China on 
purpose to obtain the secret. Pure zinc, when exposed to a 
white heat in a close vessel, will in the same manner sublime, 
and again condense, unchanged. 

503. Malleable brass. — ^It is well known'^at brass, as it 
is usually made, is very brittle, whether hot or cold. This de- 
pends, it appears, on the proportions of the zinc and cc^per, of 
which it is composed ; since it is stated in the London Chemist, 
that it has recently been discovered in Germany, that by melt- 
ing together 33 parts of copper and 25 parts of zinc, <^ 60 parts 
of copper and 40 parts of zinc, alloys are formed which possess 
a high degree of malleability. 



ZING AND OXYGEN. 
OZIDB OF ZINC. 

Equivalent, 40. Symbol, ZnO. 
1 eq. Zinc, 32+1 eq. Oxygen, 8. 

FLOWERS OF ZINO. 

604. When sdnc is exposed to a red heat in the open air, it 
burns with a white flame, and at the same time an oxide of the 
metal is formed, which, rising by the heat, falls around the place 
of combustion in the form ot white flakes. This substance was 
formerly called flowers of zinc, and sometimes philosophical 
wool. It is an oxide of the metal, and the only one known. 
When this oxide is collected, and again submitted to the fire, it 
does not rise, as before, but melts into a clear glass. 

When the vapor of water is brought into contact with me- 
tallic zinc at a red heat, the water is decomposed, the zinc com- 
bining with its oxygen, and forming an oxide, in the same man- 
ner as is done in the open air. Bot£ these oxides are composed 
by weight of 

1 equivalent of zinc, ... 32 
1 " " oxygen, . . 8 

Combining number for oxide of zinc, 40 



now may malleable brass be madel How is the oxide of zinc formed 1 Wbat 
was this oxide formerly called 7 How may zinc be made to decompose water ) 
What is the composition of oxide of zinc, and what is its comMniof oumber ? 
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OA.DMinM. 

Equivalent, 56. Symbol, Cd. 

505. Cadmium is one of the new metals, having been dis- 
covered in certain ores of zinc, in 1817. This metaJ in color 
and luster resembles tin, but is harder and more tenacious. It 
is both ductile and malleable to a considerable degree. Its 
specific gravity is nearly 8.5. It fuses at a temperature some- 
ihing less than 500 degrees, and at a little higher heat it rises 
in vapor, and condenses in globules like mercury. 

Wnen cadmium is heated in the open air, like many other 
metals, it absorbs oxygen, and is converted into an oxide. It 
is readily dissolved by the nitric acid. When heated in con- 
tact with the vapor of water, the fluid is decomposed, and an 
oxide of the metal is formed. 

Cadmium combines, so far as is known, with, only one pro- 
portion of oxygen. This oxide is composed of 

Cadmium, 1 equivalent, 56 
Oxygen, . 1 " 8 

64 

Cadmium, like the other metals, forms salts by combination 
with the acids. But these compounds are little known, and 
of no value. 

TIN, (BTANNUH.) 

Equivalent, 58. Symbol, Sn. 

506. Tin must be examined in the state of grain, or block 
tin ; what is commonly called tin, being sheets of iron, merely 
covered with this metaL 

Tin is procured from its native oxides, by heat and charcoal, 
on the same principle that has already been described for iron 
and several other metak. The ores of tin are only two, viz., an 
oxide and a sulphuret. This metal is not readily oxidized by 
exposure to the atmosphere, though the brilliancy of its surface 
is soon tarnished. It is highly malleable, but not equally duc- 
tile, its tenacity not being sufficient to uUow its bemg drawn 
into fine wire. Its BjHicific gravity is 8. When heated to 

What i« cadmium 1 What other metalii does cadmium retMnble 1 Is this a brittle 
or a malleable mrtal 1 What is the ppecitic gravity of cadmhun 1 What is the com- 
posilion of ozida of cadmium 1 Of what metai is the sheet tin chiefly composed t 
lluw Is tin procured from its oxide 1 What are the onlv ores of tin t U tin readilj 
oxidised by exposure to the air or Dot 1 What b ta.d oMhe mailrsbiiiiy and ductility 
of tin 1 
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whiteness, it takes fire in the open air, and boms with a white 
flame, being at the same time converted into an oxide ; at a red 
heat it decomposes water. 

Tin is a highly useful metal, bein^ employed for many valua- 
ble purposes m me arts and convemences of life. Thin sheets 
of iron, being dipped into melted tin, receive a coat of the 
metal, and are thus prevented from rusting. This is called 
sheet tin^ and is the article of which the conmion tin ware is 
made. Tin foil, that is, tin rolled into thin sheets, is used for 
many purposes. Electrical jars are coated with it, and the 
backs of lookin^glasses are formed of an amalgam of tin foil 
and mercury. Block tin forms a part of Britannia ware, of 
princes* metal, of pewter, speculam metal, &c 

TIN AND OXTOKN. 

507. Tin combines with oxygen in two proportions : The 
first, or the protoxide, is formed when the metal is kept for 
Ronie time in fusion in the open air. At this temperature it 
absorbs oxygen from the atmosphere, and. is converted into a 
gray powder. This powder is the protoxide, and is composed 
of 

1 equivalent of tin, 58 
I " " oxygen, 8 

66 

This oxide is soluble in acids and in ammonia. The second, 
or peroxide of tin, is prepared by dissolving the metal in nitric 
acid, slightly diluted with water. It is a powder of a yellow 
color, and is composed of 

1 equivalent of tin, 58 

2 " " oxygen, 16 

This oxide, when melted with glass, forms white enamel. 

Tin combines with sulphur, chlorine, and the acids, forming 
a variety of compounds, some of which are occasionally used in 
the arts. 



What 18 the specific gravity of tin 1 Into what is this metal converted when burned 
in the open air 1 How is sheet tin made 1 What are the principal uses of tin 7 In 
how many proportions does tin combine with oxygen ? How is the protoxide of tin 
formed ? What is the composition of the protoxide of tin ? How is the peroxide of 
this metal prepared 1 What U the quantity of oxygen coDtained in the peMxide ol 
tml 
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OBDBR lY. 

508. Metals which do not decomjpose water at any tetnpera- 
tare. These are, 



Arsenic, 


Uranium, 


Copper, 


Molybdenum, 


Golumbium, 


Tellurium, 


Chromium, 


Cerium, 


Lead, 


Tungsten, 


Titanium, 


and 


Antimony, 


Bismuth, 


Vanadium. 



The last order includes all such metals as attract oxygen 
with sufficient force, when heated to redness, to decompose 
water. The present division absorb and retain oxygen at high 
temperatures, but none of them attract that principle, even at 
the highest temperatures, with sufficient force to decompose 
water. 

A&SENIO. 

Equivalent, 75. Symbol, As. 

609. There are no mines worked merely for the purpose of 
obtaining arsenic, the arsenious acid^ the only form in which it 
is used, being procured by the process of roasting the ores of 
cobalt. The ores of the latter metal, being heated in furnaces 
with long chimneys, the acid rises and attaches itself to the 
sides of the chimney, in layers, or cakes. After a considerable 
quantity has been accumulated in this manneV, it is scraped off, 
and purified by a^^cond sublimation, when it forms the well 
known poison called white arsenic, or oxide of arsenic. 

From the white oxide the metallic arsenic is procured, by 
heating this with a combustible. 

In legal investigations, where there is a suspicion of poison- 
ing with arsenic, it sometimes happens that justice will depend 
on the decision of the chemist, whether arsenic might not have 
been the cause of death. In such cases, very minute portions 
of arsenic may be detected by means of a combustible and a 
glass tube, in the following manner : Let the matter suspected 
to contain the poison, be well dried at a low heat ; then mix it 
with five or six times its weight of powdered charcoal, and put 
the mixture into a thin glass tube, closed at one end. * If now 
heat be gradually applied to the tube until it becomes red, the 

What is the definition of Order 4th ? What are the names of the metals arranged 
under the 4th order 1 Are any mines worked merely to obtain arsenic 1 How is ths 
oxide of arsenic procured 1 Ilow may arsenic be reduced from its oxide to the me> 
tallic state ? What is the appearance of pure arsenic 1 

26* 
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metal, if arsenic be present, will rise and coat its innde^ show 
ing a brilliant metallic luster, similar to that of stee^ K it is 
fomid that, on heating a small piece of this metal, it rises in 
white vapor and gives the smell of garlic, it is arsenic beyond 
doubt 

The structure of metallic arsenic is crystalline, and its specific 
gravity about 8. When heated to about 360 degrees, it sub- 
limes, without fusion, its melting point being &r above that at 
which it becomes volatile. If the metal is heated in the open 
air, it is converted into the arsenious acid, and again becomes 
poisonous as before ; but, while in the metallic form, arsenic 
has no action on the system, and, therefore, is not a poison. 

ARSENIC AND OXYGEN. 

ABSENIOUB ACID. 

Equivalent, 91. Symbol, AsOj. 
1 eq. Arsenic, 75+2 eq. Oxygen, 16. 

WHITE AR6ENI0. OXIDE OF ARSENIC. 

. 

510. We have stated above, that when metallic arsenic is 
heated in the open air, it is converted into a white substance 
called oxide of arsenic. This is the arsenious acid of chemists. 
It differs from the oxides of metals in possessing a^^id proper- 
ties. It is slightly soluble in water, reddens vegetable blue 
colors, and combines with alkalies, forming^alts called arseni- 
ates. The arsenite of potash, usually callea Fowler's solution 
of arsenic, has been long employed in medicine, as a remedy 
for eruptive, and other diseases. 

ARSENIC AND SULPHUR. 

8ULPHURBT8 OF ARSENIC. 

611. Sulphur combines with arsenic in two proportions, 
forming compounds which are known by the names of orpiment^ 
and realger. These compounds are, both of* them, natural pro- 
ducts, and may also be formed by art. Realger is of a red, or 
scarlet color, with a shining semi-metallic luster, and is com- 

■ ■-■■■ ^ ■■■■■ ■ _ 

What is the specific gravity of arsenic 1 Is metallic arsenic a poison ? How is 
arsenious acid formed ? What is the common name of this acid ? what is the form 
of arsenious acid ? What are the salts called which arsenious acid forms with the 
salifiable bases? What use is made o^^senite of potash 1 In how many propor* 
tiona does sulphur combine with arsenic ? What is realger ? What is its compoii* 
tioQ 1 How does orpimeut differ from realger ? 
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posed 6t 75 parts of metallic arsenic, aod 16 parts, or one pro- 
portion, of sulphur. 

Orpiment has a rich yellow color, and a foliated structure. 
Its luster is shining, andr somewhat metallic, and it is readily 
separated into layers, like mica. This is composed of 75 parts, 
or one atom of metallic arsenic, and 24 parts, or one atom and 
a half of sulphur. 

Orpiment is employed as a paint under the name of King^i 
Telhw, 

CHROMIUM. 

Equivalent, 28. Symbol, Or. 

512. The metal chromium has been detected only in the two 
native compounds, chromate of lead, and chromate of iron. In 
these two salts, the metal chrome exists in combination with so 
much oxygen as to constitute an acid, which is united to the 
oxides of lead and iron, forming the compounds above named. 
Arsenic, as shown above, forms an acid with oxygen in the 
same manner, and we shall see presently that several other 
metals, when combined with oxygen, perform the oflSce of . 
acids. 

Chromium has been procured only in very small quantities, 
by exposing its acid mixed with charcoal, to the highest tem- 
perature fit a smith's forge. It is a brittle metal, of a grayish 
white color, and very inmsible. Its specific gravity is 6. 

Chromium combines with oxygen m three proportions, form- 
ing the following ck)mpounds : 

ChrooM. Oxyftn. 

Protoxide, composed of 28 and 8. 
Deutoxide, " " 28 " 16. 
Chromic acid, " « 28 " 24. 

Tlie oxides of chrome are of no importance in the arts, but 
the chromic acid forms colored salts with the oxides of the 
metals, which are extensively employed in painting and coloring. 

The chromic acid may be obtained in a separate state, by 
boiling the native chromate of lead in powder, with twice its 
weight of carbonate of potash, and afterward saturating the 

What UM is made of orpiment? What is chromium 1 In what native compoond 
Is chromium found 1 In what state do«« chromium exist in these compounds 1 
How hascliromium bireu prepared? What is the coior and what are the propor- 
lira o( chromium 1 In how many pru|N>rttouK docw ciiromium combine with oxv- 

f«o 1 Wliat are the nanira of these comiMmuds 1 or what use is the chromic acid Y 
ItfW may port chrumx bcid be ubiainid 1 
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alkali with dilute sulphuric acid. The sulphate of potash thib 
formed, will subside, leaving the chromic acid m solution, 
which, on evaporation, will yield crystals of chromic acid. 

These crystals are of a ruby red color, and when dissolved in 
water, possess all the properties of an acid. 

513. The useful compounds formed by combining chromic 
acid with sali^able bases, are prepared from chromate of potash 
in solution. The latter salt is made by heating to redness the 
native chromate of iron with an equal weight of nitrate of pot- 
ash. By this process, the chromate, which was in the state of 
an oxide, is converted into chromic add, by the oxygen of the 
nitrate, the acid at the same time combining with the potash of 
the niter. The ignited mass is then dissolved in water, neu- 
tralized by nitric acid, and' the solution concentrated by evapor- 
ation, when the chromate of potash shoota into crystals, of a 
yellow color. 

The chromate of lead, a beautiful paint, at present largely 
employed under the name of chrome yellow, is made by mixing 
acetate, or sugar of lead, dissolved in a large quantity of water, 
with solution of chromate of potash. A double decomposition 
of these two salts is thus effected, and acetate of potash and 
chromate of lead are formed. The acetate remains in solution, 
while the chromate being insoluble in water, fells down in the 
form of an orange colored, or yellow powder. This powder 
being separated trom the liquid, and dried, forms the beautiful 
pigment in question. 

&10LYDDENUM. 

Equivalent, 48. Symbol, Mo. 

514. The native sulphuret of molybdenum is a ponderous 
mineral, which occurs in masses, or is disseminated in other 
minerals. Its structure is foliated, and its luster like that of 
lead recently cut. When this compound is reduced to fine 
powder, and digested in nitro-muriatic acid, the sulphur and 
metal are both acidified by the oxygen imparted to them by 
the nitro-muriatic acid. On heating the solution, the sulphuric 
acid thus formed is expelled, while the molybdic acid remains 
in the form of a heavy white powder. From this powder the 

What is the color and form of this acid 1 How is the chromate of potash prepared 1 
How is the chromate of lead made from the chromate of potash 1 what is the color 
and use of chromate of lead 1 How is the native sulplmret of molybdenum de- 
scribed 1 By what process is molybdic acid procured 1 How is the metal obtained 
from this acid ) 
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metallic molybdenum may be obtained by exposing it, mixed 
with charcoal, to the strongest heat of a smith's forge. 

This metal has'^ never been obtained, except in very small 
quantities, and in the form of brilliant white ^obules, contained 
in a blackish mass. When heated in the open air, it is soon 
converted into molyhdic acid, 

Molybdic acid is in the form of a white powder, which has a 
sharp metallic taste, reddens, vegetable blues, and forms salts 
with the alkalies, called molyhdates. 

This acid is composed of 1 proportion of molybdenum, 48, 
and 3 proportions of oxygen, 24. 

TUNGSTEN, (WOLFRAM.) 

Equivalent, 95. Symbol, W. 

515. The tungstate of iron, is a brownish black mineral, 
which is found both massive and crystallized. Its specific 
gravity is upward of 7, and when broken it presents a foliated 
structure, and a luster somewhat metallic. 

This mineral, by the miners, is called wolfram^ and is com- 
posed of tungstic acid and oxide of iron, with a portion of the 
oxide of manganese. 

From this mineral the tungstic acid may be procured, by the 
action of muriatic acid, in the form of a yellow powder. 

When tungstic acid is mixed with charcoal, and exposed to 
an intense heat, the metal is deprived of its oxygen by the 
charcoal, and appears in its pure K>rm. 

Tungsten has a specific gravity of 17.4, being next to platina, 
gold, and iridium, the most dense body known. It is nearly 
equal to steel in hardness, and is one of the most infusible of 
the metals. When heated in the open air, it is reconverted 
into tungstic acid. This acid is composed of 95 parts of 
tungsten and 24 parts of oxygen, consequently 95 is the 
atomic weight of this metal, and 119 the equivalent number for 
tungstic acid. No use has been made of tnis metal, or any of 
its compounds. 

OOLUMBIUM, (tantalum.) 

Equivalent, 92. Symbol, Ta. 

616. This metal was discovered by Mr. Hatchett, of London, 
in a black mineral, which was sent to the British Museum, by 

What Is the •ppeftranc« of moljrbdenam Y What are the aalto called whieh molyb- 
4k acid fbrnM with the Mllfiable baaea Y What ia the appearance of'tuDgetate of 
Itob 1 now la tuncatle arid procured 1 
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(JovernOT Winthrop, of Connecticut The mineral came from 
New London, and is said to have been found near the readenoe 
of the governor. 

Oolumbium, like tungsten, exists in its natural state, com- 
bined with so much oxygen as to perform the part of an acid, 
and is found united to the oxides of iron, or manganese. 

This metal is of an iron gray color, and considerable metallic 
luster. Its specific gravity is 5,5. 

Colurabic acid is composed of columbiirai, 92, and oxygen, 8. 
Its equivalent number, therefore, is 100. 

ANTIMONT, (STILBIUM.) 

Equivalent, 129. Symbol, Sb. 

517. The only ore from which the antimony of commerce is 
obtained, is the sulphuiret. From this native compound the 
pure metal is separated, by heating it with half its weight of 
iron filings in a covered vessel. By this process the sulphur 
unites with the iron, while the fused antimony is drawn off at 
the bottom of the vessel. 

Antimony is a brittie metal, of a bluish white color, and con- 
siderable luster. Its structure is lamellated, or it consists of 
layers, which are the result of an imperfect crystallization. It 
is fused at about 800 degrees, and when slowly cooled, may be 
crystallized in octohedrons. By exposure to the air it tarnishes, 
though not so readily as several other metals. Its specific 
gravity is about 7, 

ANTIMONY AND (tXYGEI^. 

518. Oxygen combines with antimony in three proportions 
forming the protoxide, composed of antimony, 129, and oxy- 
gen, 8 ; the deutoxide, consisting of antimony, 129, and oxy- 
gen, 12 ; and the peroxide, composed of antimony, 129, and 
oxygen, 16. 

The deutoxide combines with alkalies, and forms salts ; it is 
therefore called antimonious acid^ and the salts so formed arc 
antimonites. 



What is the process for procuring tunfffiten from tungstic acid 1 What is tlie 
specific gravity of tungsten 1 What are the properties of tunnten 1 What is the 
composition of tungstic acid ? Whence came the mineral in which oolumbium was 
Rri^t discovered 1 In what state does columbium exist combined with iron 1 What 
is the specific gravity of culumbium ? What is the ore from which antimony ia ob- 
tained ? In wliat manner is this metal obtained from its ore ? What la the color and 
what the specific gravity of antimony 1 In how many proportions does ozyfen cob* 
b nt with antimony 1 what are the ox'des called ? 



U&ANIUII. 811 

The peroxide also perfonns the office of an add, and com- 
bines with alkalies, fonning salts, called antimorUateSj the acid 
itself being the antimomc, 

Formeriy, there were at least forty different preparations of 
antimony, known and used in medicme. At present this num- 
ber is reduced to three or four, and of these only one is in 
general use, viz., the tartraie of antimony and potcLSsa, or tartar 
emetic, 

ANTIMONY AND SULPHUR. 

519. The native sulphuret of antimony, as stated above, is 
tho only ore from which the metal is extracted. This is gener- 
ally found in compact masses, though it sometimes occurs in 
long crystals, interlacing each other. * It is of a leaden gray 
color, with a metallic luster. 

The same compound may be formed by fusing antimony and 
sulphur together, or by transmitting sulphureted hydrogen 
through a solution of tartar emetic. 

Sulphuret of antimony is composed of 

Antimony, 1 equivalent, 129. 
Sulphur, 1 " 16. 

URANIUM. 

Equivalent, 60. Symbol, U. 

520. This metal was first detected in a mineral found in 
Saxony, which, from its black color, was called pitchblende. 
This ore, now called black oxide of uranium^ contains uranium 
in the state of an oxide, mixed with the oxides of iron and 
load. 

The metal is reduced from its oxide to the metallic state, 
with great difficulty, even in the laboratory of the chemist. 
According to Elaproth, who discovered it, uranium is of a dark 
gray color, with a metallic luster, and granular texture. It is 
soluble in nitric acid, fuses only at the highest temperature, and 
affords a deep orange color to enamel. Its specific gravity is 
aViout 8. 

Chemists are acquainted with two oxides of this metal. The 
protoxide is composed of uranium, 60, and oxygen, 8. The 
oombining number of the protoxide is therefore 68. 

What la Che eomnotition of ralpbaref uf •ntimonjl What \m the ore of aranium 
called Y What in the appearance of uraiiium 1 What is itfi specific graTity "^ How 
■laajr oxides of this meial are known 1 What Is said of the native profoxiUe of ihia 
inctol t What use is made of this oxide ? 
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The peroxide consists of 1 proportion of nranium, 60, ^ 2 
proportions of oxygen, 16 ; so that the equivalent number for 
the peroxide is 76. 

The protoxide occurs as a natural product, of a dark emerald 
green color, and shining luster. It is often found attached to 
other minerals, in the form of scales, or in bundles of crystals, 
variously grouped, or interlacing each other, affording one of 
the most beautifiil products of the mineral kingdom. This 
oxide is also formed by art, and is employed to give a black 
color to porcelain, the change from green to i>lack being pro- 
duced by the heat of tEe porcelain furnace. 

CEKIOM. 

Equivalent, 46. Symbd, Ce. 

521. The chemists have proved that a metal called cerium 
exists in a reddish brown mineral found in Sweden, and called 
cerite, or siliceous oxide of cerium ; and also in a. mineral fbuDd 
in West Greenland, and called Allanite, 

The properties of this metal are little known, it having never 
been obtained, except in minute quantities, not larger than a 
pin's head. 

It has, however, been ascertained, that cerium combines with 
oxygen in two proportions, and that its cc^nbining or equivalent 
number is 46. These oxides are composed of cerium, 46, and 
oxygen, 8, forming the protoxide, whose equivalent, therefore, is 
54. The deutoxide contains the same quantity of metal, with 
one and a half proportions of oxygen. Its equivalent is, there- 
fore, 68. 

LANTBANIUM. 

Equivalent, 48. Symbol, La. 

522. Lanthanium was discovered by Mosander, in 1839, mixed 
with cerium, in an ore found in Sweden. Its name is from the 
Greek, and signifies to lurk, or elude, in allusion to its remain- 
ing unknown so long, its oxide having been confounded with 
that of cerium. One of its oxides is of a brick-red color, and 
its basic powers are said to be very energetic. Very li<ile is 
yet known of its properties. 

Mosander has quite recently announced the discovery of 

What is said of the existence of the metal ceriam 1 When ftnd hr whoa wm liii* 
thantum discovered 1 What is known of this metal 1 What is aakd of tlie oxide of 
cerium 1 From what ore is the metal cobalt obtained 1 What is SAfflrM 1 What !• 
smalt 1 What is the use of the nzide of cobalt ? 
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another new metal found in the ores of oerinm, which he called 
Didymium, Of it we know nothing. 

COBALT. 

Equivaleiit, 30. Sjonbol, Co. 

523. The ore from which this metal is extracted, is called 
arseniacal cobalt. It is found in primitive rocks, both dissem- 
inated and in veins, associated with nickel, silver, bismuth, -ar- 
senic, and copper. 

624. Zaffree. — ^When.this ore of cobalt is heated in contact 
with the air, the arsenic is expelled in the form of arsenious 
acid, and the sulphur, which it also contains, is converted into 
sulphurous acid gas, and escapes. By this process, the ore 
commonly loses more than half its weight, and there remains 
in the furnace an impure oxide of cobalt, called zaffree. 

When zafiree is heated with sand and potash, there is formed 
a glass of a beautiful blue color, which, when pulverized, is ex- 
tensively known and used under the name of smalt. The blue 
color of porcelain and earthenware, is produced entirely by this 
oxide of cobalt. Paper and linen, also, receive their bluish 
tinge from this oxide. 

From the oxide of cobalt, or zaffree, the metal may be ob- 
tained by heating that substance in contact with some carbona- 
ceous matter. If it is intended to obtain the metal in its pure 
state, the zaffree must first be purified from the iron, or other 
metals, which it may contain. 

626. Metallic cobalt. — Cobalt is a brittle metal, of a reddish 
brown color, and slightly metallic luster. It is fused with diffi- 
culty. Its specific gravity is 8.5. It is attracted by the mag- 
net, and is capable of bemg permanently magnetic. Muriatic 
or sulphuric acid acts but slightly on this metal, but it is readily 
soluble in nitric acid. 

Cobalt does not attract oxygen by exposure to the air, but 
by a long continued and strong heat, it is converted into an 
oxide of a deep blue or nearly black color. The atomic weight 
of cobalt has been lately determined. 

526. SmPATUBTic ink. — ^This metal is the base of that 
curious liquid called sympathetic ink, and which may be pre- 
pared in the following manner : 

How BiftT meUllic cobalt be obuf ned from the oxMe 1 What is the appearance of 
evbalt 1 What it the apecifie gravity of cobalt Y What is said of the magnetic prop- 
erty of cobalt 1 What acid la the proper aolvent of cobalt 7 What is the method of 
prtparloff lympaflietie ink 1 
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Dissolve one part of cobalt, or zaffree, in four parts of nitric 
acid, and assist the solution by heat To this solution add one 
part muriate of soda, and four times as much water as there 
was acid. 

Characters written on paper, with this ink, are illegible when 
the paper is cold, but become plain, and of a beautiful green 
color, when the paper is warmed. This experiment is rendered 
still more pleasant by drawing the trunk and branches of a tree, 
in the ordinary manner, and then tracing the leaves with the 
solution of cobalt. In winter such a tree will appear without 
leaves, except when warmed, but in the smnmer, particularly 
if placed in the sun, it will be covered with beautiful green 
foliage. Screens, painted with this solution, will show their 
green when in use, but will immediately begin to fade when 
carried away from the fire. 

NICKEU 

Equivalent, 28. Symbol, Ni. 

627. Nickel is generally found mineralized by the acids of 
arsenic. The Saxon ores, among whieh this metal is found, are 
mixtures of lead, copper, iron, cobalt, and arsenic, combined 
with sulphur and oxygen. In nearly every instance, where 
meteoric iron, or other meteoric products have been analyzed, 
they have been found to contain this metal. 

Nickel, with zinc and copper, melted together, form Ghrman- 
silver, of which large quantities are manufactured. 

Nickel has a strong metallic luster, and is nearly the color 
of tin and silver. It is both ductile and malleable, and like iron 
and cobalt, is attracted by the magnet, and may be made per- 
manently magnetic. Its specific gravity, after being hammered, 
is 9. It is exceedingly infusible, and suffers no change at com- 
mon temperatures, when exposed to the air; but is slowly 
oxidized at a red heat. The muriatic and sulphuric acids do 
not act on nickel, but it is readily oxidized and dissolved in 
nitric acid. 

Nickel combines with two proportions of oxygen. The pro- 
toxide is composed of nickel, 28, and oxygen, 8. The peroxide 
of nickel, 28, and oxygen, 16=44. 



What are the pecwjiar properties of this Inkl With what is nickel combined In 
the natural state 1 What is said of the existence of nickel in meteoric products 1 Is 
this metal of any use m the arts 7 What is the appearance of nickel 1 What is said 
of Its magnetic property 7 What is its specific gravity 7 In what acid doe« nickel 



FL0WBR8 OF BISMUTH. 315 

BISMUTH. 

Equivalent, 72. Symbol, Bi. 

628. Bismuth occurs native, and in combination with sul- 
phur, oxygen, arid arsenic. That which •is employed in the 
arts and in conmierce, is derived chiefly from the m» ive metal. 
Bismuth has a reddish white color, a brilliant lu j&r, and a 
foliated structure. It fuses at 476 degrees, being, w th the ex- 
ception of tin, the most fusible of the solid metals. When 
slowly cooled, this metal may be obtained in octohedral crys- 
tals. Its specific gravity is 10. 

Bismuth enters into ike composition of printing type ; and 
its oxides are employed as paints, and in medicine. 

BISMUTH AND OXYQETS. 

OXIDE OF BIBMUTH. 

Eqmvalent, 80. Symbol, BiO. 
1 eq. Bismuth, 72 + 1 eq. Oxygen, 8. 

FLOWERS OF BISMUTH. 

629. Bismuth combines with oxygen in only one proportion, 
forming a yellowish white oxide. This may readily be formed 
by submitting the metal to a strong heat in the open air. It 
takes fire and bums with a blue flame, while the oxide falls 
down in the form of powder. 

Bismuth is not readily soluble in the muriatic or sulphuric 
acids, but the nitric acid dissolves it with facility, forming 
nitrate of bismuth. 

When nitrate of bismuth, either in crystals or in solution, is 
thrown into water, a copious precipitate subsides, in the form 
of a beautifully white powder. This is the aubnitrate of bis- 
muth, and was formerly known under the name of moffistery of 
bismuth. This is employed as a cosmetic powder for whiten- 
ing the complexion, but it is a dangerous substance for such a 
purpose, since, if it happens to be exposed to sulphureted hy- 
drogen, it turns black, thus exposing the wearer to mortification 
and detection. 



Whftt mrf the slate* !n which bismuth is found 1 What is the color of bismuth 1 
What are ihe uses of bismuth 1 lu how mauy proportions does this metal combine 
With ojcycru 1 How may tliis oxide b^* formed ? Wtiat use is made of the subnitrate 
of h kmulb i What is said of the ezisttnce of tilaoium 7 What is said of the native 
oxAe of titanium 1 
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TITANIUM. 

Equivalent, 24. Symbol, Ti. 

530. Titanium has hardly been seen in its pure metallic 
state, but the analysis of its oxides proves that such a metal 
exists. 

The ores of this metal are considerably numerous, and are 
widely disseminated. The native oxides of titanium sometimes 
occur in long striated, acicular crystals, of a reddish brown 
color, and shining metallic luster. Such crystals are sometimes 
contained in transparent pieces of quartz, forming specimens of 
singular beauty. 

The artificial oxides of this metal are white, and are obtained 
by diflficult processes. They hold their oxygen with such 
tenacity that all attempts to reduce them, by means of heat 
and a combustible, in the usual manner, have failed. 

The equivalent numbers of these acids have not been detei> 
mined with certainty. 

TELLURIUM. 

Equivalent, 66. Symbol, Te. 

631. This is an exceedingly rare metal, being hitherto found 
only in the gold mines of Transylvania, and at Huntington, in 
Connecticut. It occurs in the metallic state, associated with 
gold and silver, lead, iron, and sulphur. The color of tellurium 
is between those of zinc and lead ; texture laminated, like that 
of antimony, which it also resembles in some of its projxjrties. 
It melts at about 600 degrees; has a specific gra\'ity of 6.11 ; 
is brittle, and easily reduced to powder. When heated iK^fore 
the blow-pipe, it takes fire, burns rapidly with a blue flame, 
and is dissipated in gray fumes, which are an oxide of the 
metal. 

This oxide, which is the only one tellurium forms, is com- 
posed of 66 parts of this metal and 8 parts of oxygen ; so that 
66 is the atomic weight of tellurium, and 74 the equivalent of 
its oxide. 

COPPER, (cuprum.) 
Equivalent, 32. Symbol, Cu. 

532. Copper is found native, also combined with sulphur, 
with oxygen, with carbonic acid, arsenic acid, sulphuric arid, 

Where have the ores of tellurium been found ? In what state do«s tellurimn 
occur 1 What is the color of tellurium 7 What is the compositioo of tb« oxides of 
tellurium 1 What are the substances with which copper is fooad coml»iAed ) 
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muriatic acid, and with several of the metals. Its ores are very 
numerous, and some of them highly beautiful and interesting. 

The uses of this metal are numerous, and well known. In 
tlie metallic state, it forms a part of brass, of pinchbeck, of 
Dutch gold, and many other alloys. 

Wlf en dissolved in various acids, it forms compounds which 
are employed for a great variety of useful purposes. 

The green pigment, verditer, is a nitrate of copper, precipi- 
tat<?d by carbonate of lime. Verdigris is an acetate of copper. 
Mineral green is a sulphate of copper/ precipitated by caustic 
Jwtash. 

Copper receives a considerable luster by polishing, but soon 
tarnishes when exposed to the open air. Its specific gravity is 
8.78, and is increased by hammering. It is malleable and duc- 
tile, and its tenacity is inferior only to iron. It hardens when 
heated and suddenly cooled. At a red heat, with access to air, 
it absorbs oxygen, and is converted into the peroxide, which 
appears in the form of black scales. 

Nitric acid acts on this metal with vehemence, and it is dis- 
solved slowly in the muriatic and sulphuric acids. The vege- 
table acids, as vinegar, also dissolve copper when exposed to the 
air, but not otherwise, the oxygen of the atmosphere assisting 
in the oxidation of the metal. 



OOPPER AND OXYGEN. 
PROTOXIDE OF COFFER. 

■ Equivalent, 40. Symbol, CuO. 
1 eq. Copper, 32-f-l eq. Oxygen, 8. 

RED OXIDE OF COFFEE. 

633. The red, or protoxide of copper, is found native in the 
form of regular octohedral crystals, variously truncated, and 
forming specimens of great beauty. It may also be prepared 
artificially, by mixing 64. parts of copper filings with 80 parts 
of the piToxide in powder, and heating the mixture to redness 
in a close vessel. By this process, the copper filings attract 
one proportion of oxygen from the peroxide, which contains 
twi<!e the quantity of oxygen contained in the protoxide. Thus 

What are the principal xmn of copper 1 What is the specific gravity of copper 7 
fl'iw mav copper bn converted into a peroiide 1 What acids dinmilve this metal 1 
lu wliai form do#-8 fhe protoxide of copper fwiciir 7 How may the protoxide of cop- 
per b' preparr<l by art ) Kxplain huw the process for formiug the protoxide of cop- 
per illustrates the law of denuile proiiortioiis. 
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the quantity of oxygen is equalized, and the "whole is converted 
into the protoxide. 

This experiment affords a very simple iUustration of the law 
of definite proportions. Eighty parts of the peroxide of copper 
contains 32 parts of the metal, and 16 of oxygen. When this 
quantity is heated with 32 parts of copper, 1 proportion, or 8 
parts of oxygen, leaves the peroxide, and unites with the cop- 
per, thus making, in the whole, 112 parts of the protoxide, the 
copper gaining 8, and the peroxide losing 8, the numher for 
each becomes 40, the equivalent for the protoxide. 

PBEOZIDK OF COPMR. 

Equivalent, 48. Symbol, CuOa. ^ 
1 eq. Copper, 32+2 eq. Oxygen, 16. 

534. This oxide is said to be found in the native state. By 
art, it may be formed by keeping thin pieces of copper at a red ' 
heat exposed to the air, or by heating the nitrate of copper to 
redness. 

This oxide is dark brown, or nearly black. When heated 
alone, it undergoes no change, but if heated in a close vessel, 
with charcoal, or other combustible, it parts with the whole of 
its oxygen, and is reduced to the metallic state. It combines 
with most of the acids, and produces salts of a^^een or blue 
color. 

Copper combines with sulphur, and forms a sulphuret of the 
metal. This compound occurs native, and may be formed by 
heating a mixture of copper filings and sulphur. 

LEAD, (plumbum.) 

Equivalent, 104. Symbol, PI. 

535. In a few instances lead has been found in the native 
state; but it most commonly occurs combined with sulphur, 
forming the sulphuret, of a bluish gray color, and strong me- 
tallic luster. This compound is known under the name of 
galena^ and is the ore from which the lead of conmierce is ex- 
clusively obtained. 

The color and common properties of lead are well known. 
Its specific gravity is 11. In tenacity, it is inferior to all the 

How may the peroxide of copper be formed 1 How may the peroxide of copper 
be reduced to its metallic state ? What is the composition of the sulphuret of cop- 
per 1 In what state is lead chiefly found 1 What is the commoa uame fur sulphuret 
of lead 1 What is the specific gravity of lead 7 
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ductile metals. It fuses at about 600 degrees, and when 
slowly cooled, may be obtained in octohedral crystals. When 
newly cut, it has a brilliant meiallic luster, but is soon tarnished 
by exposure to the air. 

Lead is not oxidized by moisture without the contact of air, 
and hence it may be kept under pure water, for any length of 
time, without change. But if water be placed in an open ves- 
sel of lead, the metal is slowly oxidized, and a white crust is 
formed, at the points of contact between the lead, water, and 
air, which is a carbonate of the protoxide of lead. Hence, as 
the salts of this metal are poisonous, leaden vessels open to the 
air, should never be employed to contain water for culinary 
purposes. 

The sulphuric and muriatic acids act slowly upon this njetal. 
Ck>ncentrated sulphuric acid produces so little action on it, that 
the acid is made in chambers lined with lead. Nitric acid is 
the proper solvent of this metal. The solution, when evapor- 
ated, deposits whitish opaque crystals of nitrate of lead. 

LEAD AND OXYGEN. 

536. There are three oxides of lead, which are thus -con- 
stituted: 

Lead. Ozjgwu 

Protoxide, 104+ 8=112. 
Deutoxide, 104+12 = 116. 
Peroxide, 104+16=120. 

537. Protoxide of lead. — ^This oxide is procured in 
purity, when a solution of the metal in nitric acid is precipitated 
by potash, and the precipitate dried. It is of a yellow color ; 
is insoluble in water, and fuses at a red heat. The same oxide 
is formed by heating lead in the open air, and is known in com- 
merce by the name of massicot. When massicot is partially 
fused, in contact with the air, it becomes of a reddish color, and 
is known by the name of litharffe. This appears to be a mix- 
ture of the protoxide and deutoxide of lead. Litharge is mixed 
with oil used in painting, in order to make it dry more rapidly. 
It is probable that this effect is produced by the oxygen, which 
the litharge imparts to the oil. 

WLat id Mid of the oxidation of lead when kept underwater! Under what cir- 
cumiitanrea does water become uoi«r>noua when kept in leaden TeMelal What if 
mhJ of the action of different acids on leail Y How many oxides of lead are there, and 
what Is tht eomposKtoD of each 1 What ia massicot Y How i« UUiargs prepared 1 
What Is tUe OM of Utbarge Y 
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The well known pigment called white lead, is a carbonate Oi 
the protoxide. This substance is prepared by placing rolls of 
thin sheet lead in pots containing Tinegar. The vinegar im- 
parts its oxygen to the metal gradually, and probably prepan» 
it for the absorption of carbonic acid from the atmosphere. Or 
possibly the lead may be dissolved by the acetic acid, and this 
acetate in its forming state decomposed by the carbonic acid 
of the atmosphere, in the same manner that the chloride of 
lime is decomposed, and changed into a carbonate by exposure 
to the air. White lead was formerly considered a peculiar 
oxide, but analysis shows that it is a compound of the yellow 
oxide, and carbonic acid. 

538. Deutoxide of lead. — This is the red lead of com- 
merce, and is extensively used as a pigment, and in the manu- 
fiacture of flint glass. It is formed by heating litharge in a fur- 
nace so constructed that a current of air constantly passes over 
its surface. In this manner, the litharge, which is chiefly a 
protoxide, is converted into a deutoxide, by absorbing another 
proportion of oxygen from the air. 

"When red lead is heated to redness, it gives off pure oxygen, 
and is reconverted into the deutoxide. 

539. Peroxide of lead. — This is formed by the action of 
nitric acid on red lead. The red lead, or deutoxide, is decom- 
posed by the acid, and resolved in the protoxide which it dis- 
solves, and converts into tlie peroxide, which being insoluble, 
tails down in the form of a puce colored powder. This oxide 
is insoluble in any of the acids. When heated it gives off large 
quantities of oxygen gas, and is resolved into the protoxide. 

540. SuLPnuRET OF LEAD. — This compound occurs very 
abundantly as a natural product, and may be formed by fusing 
a mixture of lead and sulphur. 

The lead of conmierce, as above stated, is obtained exclu- 
sively from this ore, which is generally known under the name 
of galena. The metallic lead is easily obtained from the sul- 
phuret. The ore being placed in tlie furnace, is gradually 
heated with small wo<xi, or faggots, to drive off the sulphur. 
Afterwards, charcoal and lime are thrown in, and the heat is 
increased. As some portions of the lead become oxidated by 
exposure to the air and heat, the charcoal reduces these portions 

What is the composition of white lead ? How is white lead prepared 1 What is 
the deutoxide of leadl How is red lead prepared, and what is its use ? What pro- 
portion atoxjReu does the deutoxide contain ? How is the peroxide of lead formed 1 
what are the properties of the peroxide of lead ? How is lead reduced from the 
Bulphuret 1 
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by the absorption of their oxygen, and at the same time in- 
creases the heat The lime combines with the sulphuric acid, 
which is formed by the union of the sulphur of the metal, the 
oxygen of the air, and the water of the wood, and forms a sul- 
phate of lime. Meantime, the metallic lead, iJius reduced, runs 
down into the lower part of the furnace, where it is drawn off 
into proper vessels. 

All the salts of lead act as poisons, with the exception of the 
sulphate, which Orfila has proved is not deleterious. The same 
autJior has shown that the acetate, or sugar of lead, is decom- 
posed in the stomach by sulphate of magnesia, or Epsom salt, 
and that the inert sulphate is thus formed. Hence, Epsom salt, 
or Glauber's salt, which is a sulphate of soda, becomes an anti- 
dote to the poisonous eflfects of sugar of lead^ when taken soon 
after it. 

VANADIUM. 

Equivalent, (S8. Symbol, V. 

541. This new metal was discovered by Professor Sefetrom 
in 1830, mixed with some iron ore from Jaberg, in Sweden. 
Its name is from vancuiis, a Scandinavian deity. 

In its properties, vanadimn appears to be between chromium 
and uranium. It forms with oxygen, two oxides and one acid, 
called the vandaic acidj and combines with several other simple 
non-metallic elements. The metal, which can only be obtained 
by a complicated process, has a strong metallic luster, like silver, 
and is so brittle that it can hardly be touched without falling 
into powder. By combination with the proper substances, it 
fonns chlorides, sulphurets, and phosphurete. Of its uses, 
nothing more seems to be known, than that it makes an excel- 
lent writing ink, in the form of vanadiate of ammonia, mixed 
with infusion of nut galls. 

NEW MKTALS. 

542. Within the last few years, at least seven new metals, or 
metallic oxides, have been discovered in various parts of the 
world. None of them have thus far proved of any use to the 
arts, or luxuries of life. We have, however, taken pains to ob- 
tain some account of each, which is here inserted. 

What are the usaa of charcoal and lime in the reduction of leud 1 What compound 
of lead ia aaid not to be poieonoual What antidote is mentioned to the poisonous 
cITccla of aufar of Iradl How doea Epitom nalt act to neutraUxe the poiao nous 
etftcla of the salts of lead 1 When was vanaitium discovered 1 From whence Is its 
usme derived t What Isthsappearauceofthls metall What are Its Hsts 1 
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KEBIUM AND TBRBIUM. 

648. These two metals were discovered by Mosander, while 
testing the ores of 3rttria. Information concerning them are 
quite limited. They do not appear to hare been reduced to 
the metallic state, but exist only in the form of bases, with 
several acids, forming metallic salts, and also in the form of 
oxides, 

ERBIUM. 

Equivalent unknown. Symbol, E. 

644. The oxide of erbium becomes of a deep brown color, 
when heated in the air, this color being . lost wnen heated in 
hydrogen. The titrate and sulphate of this metal are colorless. 

TERBIUM. 

Equivalent, 64. Symbol, Tb. 

646. The oxide of this metal is colorless, but its salts are of 
a pale red. The nitrate does not deliquesce, but dries into a 
crystalline mass ; the sulphate dries into a white powder. 

DIDTHIUM. 

Equivalent unknown. Symbol, D. 

546. This metal, or rather its oxide, was discovered by Mo- 
sander, in an oxide of lanthanium. Very little is known of its 
properties, and nothing interesting. 

NIOBIUM. 

Equ^v/ilent unknown. Symbol, No, 

647. This metal was detected by M. Rose, in an oi-e of 
columbium, found in Bavaria. It forms acids with oxygen, 
some of which have quite distinct properties ; but little is known 
of these compounds. 

PELOPIUM. 

Equivalent unknown. Symbol, Pe. ^ 

648. This is another metpl lately announced by Hose, and 
which he found in an ore of columbium. Like the last, it has 
thus far developed nothing interesting or useful. 
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aUTHE&IUM. 

Equivalent, 52. Symbol, Ru. . ^ 

549. In preparing platinum from its ores, there remains a 
black powder, from wnich, as already noticed, several metak 
have been derived. From this residue is also obtained ruthe- 
rium. It occurs in small porous masses, with a metallic luster, 
which oxidates on exposure to the air. It is infrisible, even by 
the compound blow-pipe, and is insoluble in nitro-muriatic 
acid. It has been examined with much care, but no useful 
result has followed. 

DONARIUM. 

Equivaieiit unknown. Symbol, Do. 

550. This metal was found by Bergmann, while testing cer- 
tain ores found in Norway. It exists in the form of an oxide, 
and is reduced to the metallic state with much difficulty, and 
then exists in the form of a heavy powder, with metallic luster. 
It has not been of any use. 



CHAPTER XX. 

SALia** 



Note. — ^The symbols for the elements, with their binary 
combination, have been given, but those for the saline com- 
pounds are omitted, as useless for those for whom this book is 
intended. If, however, the pupil is desirous of giving such 
symbols, he has only to look back and ascertain those of the 
elements, and combine them for the compounds. As an exam- 
ple, we give the symbols for alum. Al. 203+3S03-|-KO, 
8 3-1-24 Aq.=262. 

551. The compound resulting from the union of any acid 
with an alkali, an earth, or a metallic oxide, in definite propor- 
tions, is called a salt. 

The substance which combines with the acid to form the salt, 
is called the bctse. Thus, lime is the base of carbonate of lime. 
Any substance capable of combining with an acid to form a 

WbatlsftMUl W)ifttlatb«bMeofaMlt1 What ItaMliflftbl* ImmI What to 
•aaeidl An aU aclda ■9Br to tba taata ) Do all aoida coataln wgrftn ? D« tte 
alkaltoi eontaia ox /fan 1 
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salt, is called a mlifiahle ha^e. The salifiable bases, therefore, 
are the alkalies, the earths, and metallic oxides. 

Any ccjmpound, which is capable of uniting in definite pro- 
portions with a salifiable base, or which in solution is sour to 
the taste, or reddens vegetable blues, is an acid. 

From this definition, it will bo observed that acids are not 
necessarily sour to the taste. This, in many instances, arises 
from their insolubility, for an insoluble acid neither tastes sour, 
nor changes the color of vegetable blues. Other acids, which, 
though soluble, do not taste sour, and have little, if any action 
on colors, still have the propei-ty of neutralizing alkalies, and 
combining with salifiable bases in definite proportions ; such is 
the prussic acid. 

It was formerly supposed that all the acids contained oxygen, 
as the acidifying principle, but we have already had occasion 
to remark, that there are several known exceptions to thb 
truth. Since the discovery of the compound nature of the alka- 
lies, and the simple nature of chlorine, it is found that some 
compounds, in which oxygen exists as an element, are alkalies, 
and that others, containing no oxygen, are acids. Thus, the 
metal potassium, combined with oxygen, forms the alkali po- 
tassa, and chlorine, united to hydrogen, forms muriatic acid. 

552. Alkalies. — ^The alkalies are supposed to possess char- 
actera exactly opposite to those of the acids. Their tastes are 
pungent ; they neutralize the acids, and change vegetable blue 
colors to green. There are, however, many compounds, capable 
of foniiing salts, and of neutralizing acids, which do not possess 
the latter characters. Thus magnesia, though a powerful neu- 
tralizing substance, excites no taste, and produces little change 
on vegetable colors. This want of action obviously depends on 
its insolubility in water. 

Tlius, a salifiable base does not necessarily contain sensible 
alkaline properties, but is any substance which foims a definite 
(compound with acids, or which being soluble, has the alkaline 
taste, and changes vegetable blues to green. All the metallic 
oxides are salifiable bases. 

5 6 5. Oxides combine. — ^In speaking of the solution of a 
metal in an acid, it must always be understood, that it is the 

Give an instance where oxy^n, combined with a metal, forms an allcali. Give an 
instance in which chlorine and another simple substsuice united, form an acid. Why 
is ma^esia tasteless 1 Are the metallic oxides salifiable bases? What change do 
the metals under^ l>efore they are soluble in the acids ? In what manner do the 
iqetals become oxides before they are dissolTcd ? When zinc is thrown into diluted 
sulphuric acid, why does hydrogen escape 1 



oxide of the metal whicli is soluble, for no metal comHnes with 
an acid in its metallic state. The action of the acid is first to 
oxidate the metal ; which it does, either by imparting to it a 
portion of its own oxygen, or by assisting it to obtain this prin- 
ciple from the water with which the acid is mixed. When 
copper dissolves in nitric acid, the metal is first oxidated at tlie 
expense of one proportion of the oxygen which the acid con- 
tains, and hence the fumes of nitrous gas which escape. But 
when zinc dissolves in dilute sulphuric acid, the metal is oxidated 
by the decomposition of the water, and then dissolved by the 
acid, and hence the escape of hydrogen during this process. 

554. Number of salts. — It is said that at least 2000 salts 
are known, but this is a small number when compared with 
those which might be formed ; for supposing each acid to be 
capable of forming a different compound with each salifiable 
base, and each base a distinct compound with every known 
acid, the salts would be numberless. 

It may be supposed, from the variety of properties possessed 
by the acids, and the salifiable bases, with which they are 
known to combine, that the resulting compounds must present 
a great variety of different qualities, colors, and shapes, and in 
this we are not disappointed. Some of the salts are corrosive 
poisons, others are perfectly inactive on the animal system; 
some are used as medicines, others as paints, others in 
coloring, <fec. 

It js obvious that in this epitome of the science, only a 
limited number of these compounds can be described. These 
we shall arrange in groups, or classes, each group consisting of 
tbe same acid, united to different salifiable bases. 

555. Ckystalli^tion. — Most of the salts are capable of 
Iw'ing crystallized, that is, of forming dry solid figures of deter- 
minate shapes. During the act of crystallization, many of them 
rcjiiibiue chemically with a definite portion of water, which, 
tlicrefore, is called the water of crystallization. 

Some salts contain more than half their weight of water ; 
this is the CJise with sulphate of soda, or Glauber^s salt, which 
couHists of 72 parts of the dry sulphate, and 00 parts of water. 
* Other salts, as muriate of soda, or common salt, contain no 
w'utor of crystallizatic)!!. But these salts sometimes contain 
{uirticlefl of water includc<.l mechanically within their sub8tan(!e, 

What number of aiilts are Mid to be knf>wu 1 On wliat princiulea are the nhii 
throwu into ffruuiwl What m the water orcrynallisation 1 Do all the aalta contaiu 
water of cryaiallixatioa 1 Why do<ni common rtit rltcrr.pitale when heated t 
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and henoe when heated they deerepitatej or fly in pieces, in 
consequence of the conversion of this water into steam. From 
this cause, common salt decrepitates violently when thrown on 
the fire. 

Salts containing a large quantity of the water of crystalliza- 
tion, when heated, undergo the aqueous fusion ; that is, they 
dissolve in the water they contain. Anhydrous salts, or such 
as are not chemically united with water, when heated undergo 
the igneous ftision. A salt is said to effloresce, when its water 
of crystallization evaporates, and it fells into a dry powder. 

566. Solution in water. — Most of the salts are soluble in 
water ; and with a iew exceptions, the solvent power of this 
fluid is in proportion to its temperature. One of these excep- 
tions is common salt, which is equally soluble in hot or cold 
water. Some, of the salts require 600 or 600 times their own 
weight of water for solution. This is the case with carbonate 
of lime, and sulphate of lime. In a few instances, as in the 
sulphate of baryta, the salts are entirely insoluble in water. 
On the contrary, some of these compoun(te have such an aflSnity 
for water, as to enter into solution with that which they at- • 
tract from the atmosphere. In these instances the salt is said 
to deliquesce. Muriate of lime is an example. It can not 
be kept in the solid state, unless closely excluded from the 
atmosphere. 

66V. DEFiigrrE proportions. — ^All the salts are composed 
of definite proportions of their ingredients, and these ingredients 
are compounded of definite proportions of elementary bodies. 
Thus, sulphate of potash is composed of 40 parts of sulphuric 
acid, and 48 parts of potash. The acid is composed of 16 
parts, or 1 atom of sulphur, and 24 parts, or 3 atoms of oxy- 
gen. Potash is composed of 40 parts, or 1 atom of potassium, 
and 8 parts, or 1 atom of oxygen. 

668. Definite numbers. — Thus the salts are formed by the 
union of compound substances, and their equivalent numbers 
are the sums of the atomic weights of these substances. Thus, 
the equivalent number for the sulphate of potash is 88, being 
composed of the equivalents for sulphuric acid, 40, and the. 
equivalent for potash, 48. How these latter numbers are ob- 

What is meant by aqueous fusion ? What is meant by igneous fusion 1 When !■ 
a salt said to effloresce 1 What salt is equally soluble in cold or hot water t Whai 
salts require a large portion of water for solution ? When is a salt paid to deliquesce 1 
What is said of the definite proportions of the ingredients and elements of the salts ? 
What is the composition of sulphate of potash 1 How is the equiTalent number for 
vulphate of potaah obtained ? 
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tained has just been explained ; and indeed the whole of the 
above, so far as regards definite' proportions, is only a recapitu- 
lation of what has already been stated more in detail, in its 
proper place ; but is repeated here, because the doctrine of pro- 
portions applies especially to the composition of the class of 
compounds which we are now about to describe. 

Some salts combine with each other and form compounds, 
which were formerly kno?ni under the name of triple salts. 

But as, in these instances, only two bases combine with one 
acid, or two acids with one base, this kind of union is more 
properly indicated by the term double than triple ; and this 
change being proposed by Berzelius, is now employed by recent 
writers. 

In describing the salts, we shall follow the method already 
observed in respect to other compounds, and place the equiva- 
lent numbers at the head of each description. 



CHAPTER XXL 

SULPHATEa 

559. The sulphates, when heated to redness with charcoal, 
are decomposed and changed into sulphurets. The oxygen, 
both of the oxide and the acid of which the salt is composed, 
unites with the carbon, forming carbonic acid, while the sul- 
phur and metal combine to form the new compound, the sul- 
phuret, or sulphide. 

The sulphates in solution, are readily detected by muriate 
of baryta ; the muriate being decomposed by the sulphuric 
acid, an insoluble sulphate of baryta is formed, which falls to 
the bottom of the vessel in the form of a white powder. 

Several sulphates exist in nature, the most abundant of which 
an; those of lime and baryta. The sulphate of lime is very 
abundant in some countries, and is employed as a manure, 
and in tlie arts, under the name of gypsum^ or plaster of 
Pari$, 



Whftt \m metnt by a (Jpuble talt 1 How are the tulphaf f ■ changed Into eulphuret* 1 
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MTLPHATE or FOTAflBA, 88. 

1 eq. S. Acid, 40+1 eq. Potassa, 48. 

▼rrSIOLATKD TARTAS. 

660. This salt is prepared by decomposing tlie carbonate of 
potash with sulphuric acid. Its crystals are in the form of six- 
sided prisms, terminating in six-sided pyramids. Its taste is 
saline and bitter. This salt suffers no change on exposure to 
the air. Its crystals contain no water of crystallization, and 
when thrown on the fire, decrepitate for the reaaon formerly 
explained. These crystals are soluble in 16 times their weight 
of water at 60 degrees. 

The composition and equivalent number of this salt are seen 
. above. 

BULPUATK OF 80DA, 72. 

1 eq. S. Acid, 40+1 eq. Soda, 32. 
Glauber's salt. 

561. Sulphate of soda sometimes occurs as a native com- 
pound, and may be readily formed by saturating conmion car- 
bonate of soda by dilute sulphuric acid. That sold by apothe- 
caries is chiefly prepared from the contents of the retort after 
the distillation of muriatic acid. 

This acid is obtained by distilling a mixture of common salt 
and sulphuric acid. The latter acid, combining with the soda 
of the muriate, the muriatic acid is evolved and sulphate of soda 
formed. This being purified, forms the Glauber's salt of 
commerce. 

Sulphate of soda crystallizes in four and six-sided prisms. 
These crystals when exposed to the air, part with their water 
of crystallization, or effloresce, leaving the salt in the state of 
a dry powder. By t£is process the salt loses about half its 
weight. 

According to the analysis of Berzelius, this salt contains *12 
parts of the neutral sulphate, and 90 parts, or ten atoms of 
water. 

The combining proportions, or equivalents, of the salts, refer 
only to the acids and bases which they contain, and not to their 



. llow is sulphate of potash formed 1 What is the composition and equivalent num- 
ber of this saltl What is the composition of sulphate of sodal What is the com- 
mon name of this salt 1 How is Glauber's salt prepared 7 What proportion ol 
water does sulphate of soda contain 7 What is said of the definite quantity of the 
water of crystalllzat'on 7 
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water of, crystallization. It is found, however, that the water 
of crystallization is always combined in definite proportions, as 
well as the other ingredients. The combining number for 
water, as already explained, is 9, and in the present instance 
the doctrine of multiple proportions, by a whole number, is 
found to be precisely true, there being 10 atoms, or proportions, 
of water in this salt. 

SULPHATE OF BARYTA, 118. 

1 eq. S. Acid, 40+1 eq. Baryta, 78. 

HEAYT SPAR. 

• 

562. The native sulphate of baryta is widely disseminated, 
though not often found in very large quantities at any one lo- 
cality. It occurs both massive and in anhydrous crystals, 
which are generally flattened, or tabular. This substance is 
known under the name of heavy spar, having a specific gravity 
of nearly 4^, being the most ponderous of earthy minerals. 

It is formed artificially by mixing the earth baryta with sul- 
phuric acid. 

The native sulphate is ground and fraudulently mixed with 
oxide of lead, as a paint. 

This substance is sometimes employed to form the solar phos- 
phori, a compound which shines in the dark, after having been 
exposed to the light of the sun. 

It is prepared by first igniting the native sulphate, after 
which it is powdered and sifted. It is then mixed with mucil- 
age of gum arabic, and formed into cylinders about the foiulh 
of an inch in thidmess. These being dried in the sun, are ex- 
posed to the heat of a wind ftimace supplied with charcoal, for 
about one hour, and the fire suffered to bum out. The cylin- 
ders will be found among the ashes,' retaining their original 
shapes, and must be preserved in a well stopped vial. 

When this substance is exposed for a while to the sun, and 
tlicn carried into the dark, it will emit so much light as to show 
the hour by^a watch dial. 

BULPHATK OF UMB, 68. 

1 eq. S. Acid, 40-hl eq. Lime, 28. 

GYPSUM. PLAtTIR OF PARIS. 

563. This salt occurs abundantly as a natural production. 
It iH <:oini>o«ed of 68 parts of the pure sulphate, and 18 part* 

What Is the compoilUon and eqalvalent number of satpbats of bsryttl 
28* 
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or two proportions of water. This salt is found crystallized in 
broad foliated plates, and also in compact masses. It is ground, 
and spread on certain kinds of land as a manure. In tlus state 
it is called ground plaster. The compact variety is called 
alabaster, and is cut, or turned into various ornamental article?^ 
such as candlesticks, vases, and boxes. Some of these speci- 
mens are perfectly white, and being translucent, are among the 
most beautiful productions of the mineral kingdom. Other 
varieties of this mineral are colored with metaUic oxides, and 
present the appearance of clouds, stripes, or spots of red, blue, 
or brown, interspersed, or alternating with each other. 

Sulphate of lime is largely employed in forming the orna- 
mental, or stucco work, for churches and houses. For this 
purpose it is first heated nearly to redness,* or as the workmen 
term it, boiled, in oilier to expel the water of crystallization, and 
then ground in a mill. In this state it is a ^e white powder, 
which being mixed with water and cast into moulds of various 
figures, form the ornamental work seen on the walls of churches 
and rooms. It also forms the moulds for stereotype plates. 

After being mixed with the water, it must be inmiediately 
poured into the mould, for however thin the paste may be, it 
grows hard, or as the workmen call it, sets, in a few minutes, 
and no addition of water will make it thin as before. This is 
owing to the chemical combination which takes place between 
the anhydrous sulphate and the water, and by which the latter 
is made solid. 

Sulphate of lime is soluble in about 500 parts of cold water, 
and as it exists abundantly in the earth, it is more frequently 
found dissolved in the water of wells and springs, than perhaps 
any other salt. When it exists in considerable quantity, it 
gives that quality to the water called hardness. Such water 
decomposes soap, by neutralizing its alkali, and therefore is not 
fit for washing. 

BULPHATE OF MAGNESIA, 60. . 

1 eq. S. Acid, 40+1 eq. Magnesia, 20. 

EPSOM SALT. 

664. Epsom salt is sometimes obtained by evaporating the 
water of springs which contain it in solution, and sometimes it 

What is the common name of this salt 7 Is sulphate of barjrta a native, or an arti- 
ficial salt? How is solar phoephori prepared from sulphate of baryta? What 
curious property has the solar phosphorus 1 What is the composition of sulphate of 
lime 1 what quantity of water does this salt contain 1 
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IB made artifioially, by first dissolving magnesian limestone in 
vinegar, which taKes up the lime and leaves the magnesia. 
The magnesia is then purified by calcination, and after- 
ward dissolved in dilute sulphuric acid, and crystallized by 
evaporation. 

This salt appears in minute quadrangular shining crystals. 
These suffer little change when exposed to the air, undergo the 
watery fusion when heated, and are soluble in three-fourths of 
their own weight of boiling water. Its use, as a medicine, is 
well known. 

Sulphate of magnesia is composed of 60 parts of the dry sul- 
phate, and 63 parts, or 7 atoms, of water. 

BUUHATK OF ALUMINA AND FOTA88A, 263. 

3 eq. Sulph. Alumina, 1744-1 eq. Sulph. Potassa, 88. 

ALUM. " 

565. Alum is a substance so well known, that its external 
appearance requires no description. Its taste is at once astrin- 
gent and sweetish. It is soluble in about its own weight of 
boiling water. It crystallizes in octohedrons, or eight-sided 
figures, and, by peculiar management, these crystals may be 
obtained of great size and beauty. It is a double salt. 

Sometimes alum is found ready formed in earth or friable 
rocks, and is extracted by collecting such earth into proper 
vessels, and pouring on water, which, passing through, dissolves 
the salt, and holds it in solution. The water being dien evap- 
orated, the alum shoots into crystals. 

When the mineral which furnishes this salt is aluminous 
clay, mixed with sulphur and iron, which is more often the 
case, another method is taken. The mineral being exposed to 
heat, or merely to the action of the air, the sulphur attracts 
oxygen, and is converted into sulphuric acid, which then com- 
bines with the alumina, and forms a sulphate. If no potash be 
pri»8ent in tlie earth, this is added, and the whole is treated by 
lixiviation, (that is, pouring on water until the salt is dissolved,) 
and the li<|Uor afterward evaporated to obtain the alum. 

What in th« common name for Hulphate of lime 1 What are the uses of sulphate 
of hmi* I What ta the compact variety of this salt called 1 How is gypsum prepared 
til frirm stucco work 1 VVhat chemical chani^e is produced whvn the anhydrous 
huiphatf ir mixfd with water? What is meant by anhydrous? What effect doea 
MjipliMic oriine have on the wa'er of wells? What is the composition of sul))hate 
of majf 111 h<a f What ia the common name of yulphate of magnesia? What is the 
use oi' thiii Kuli r How is sulphate of maffn«*«ia prepared ? What is the common 
name of vulphaic of alumina and i>oiaHh I Wtuit wthe composition of alum 1 What 
it tiM prucem by which alum ia obiaiued ) 
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Alum is used in medicine and in the arts. Its composition 
is stated at the head of this section. Alum is the base of a 
curious composition, called Somberg^s pyrapkortts, which • 
ignites on exposure to the air. It is prepared in the following 
manner : 

Reduce an ounce or two of alum to powder, and mix it with 
an equal weight of brown sugar. Put the mixture into an 
earthen dish, and keep it stirring over the fire until all the 
moisture is expelled. Then, having pulverized it finely, intro- 
duce the powder into a common vial, coated with a mixture of 
clay and sand. To the mouth of the vial, lute a small glass 
tube, or the stem of a tobacco-pipe, in order to allow the mois- 
ture and gases to escape. The vial, thus prepared, is set in a 
crucible, surrounded with sand, and the whole placed in a coal 
fire, and gradually heated to redness. At first, steam will issue 
from the tube, but afterward a gas, whicb, being set on fire, 
burns with a blue flame. 

After the flame goes out, keep up the beat for about fifteen 
minutes, and then remove the crucible from the fire, and imme- 
diately stop the orifice of the tube with a piece of wet clay. 
When the vial is cool, pour its contents hastily into other vials, 
which are perfectly dry, and then cork them so as entirely to 
exclude the air. 

This compound resembles powdered charcoal in appearance ; 
but if a few grains be poured out, and exposed to the air, it 
soon glows with a red heat, and will set paper or wood on fire. 
If poured from the vial, at tlie distance of a few feet from the 
ground, it forms a shower of fire. When introduced into oxy- 
gen gas it spontaneously explodes, giving out intense heat and 
light, and affording a very brilliant experiment. 

Small vials of this pyropliorus may be preserved for years, 
and may be made highly convenient, especially for itinerant 
smokers, and to those who are traveling through a wilderness. 

The ignition of this substance is caused by its strong attrac- 
tion for the oxygen of the atmosphere. 

SULPHATE OP IRON. 

1 eq. Sulph. Acid, 40+1 eq. Oxide Iron, 36. 

COPPERAS. • GREEN VITRIOL. 

566. Tliis well known salt is the sulphate of the protoxide 
of iron, and may readily b§ formed by the action of dilute sul- 

~ ■ - — 

What is the use of alum ? How is Ilomberg's pyrophorus prepared 1 
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phuric acid on metallic iron. The green vitriol of commerce 
is, however, manufactured directly from the sulphuret of iron, 
which nature furmshes in abundance. For this purpose, the 
ore, being raised from the earth, is exposed to the air, and oc- 
casionally sprinkled with water. By a natural process, the sul- 
phur absorbs oxygen from the atmosphere, and is converted 
into sulphuric acid, which is retained by the water. The acid 
thus formed, combines with the iron, forming a sulphate of the 
metal, which appears, on the decomposition of the ore, in a 
greenish crust. The mass is then lixiviated, or washed by pour- 
ing water through it, by which the salt is dissolved, and after- 
ward obtained in crystals by evaporating the water. 

Sulphate of iron is of a greenish color, has an astringent me- 
tallic taste, and is soluble in three-fourths of its weight of boil- 
ing water. According to the analysis of Berzelius, it contains 
76 parts, or 1 equiv^ent of the sulphate, and 63 parts, or 7 
atoms of water. 

Large quantities of this salt are employed in the arts, chiefly 
for coloring black, and making ink. 

BUUHATE OF ZINC, 82. 

1 eq. S. Acid, 404-1 eq. Ox. Zinc, 42, 

WHITE VITRIOL, 

667. When diluted sulphuric acid is poured on zinc, for the 
purpose of obtaining hydrogen, the residue, if allowed to stand, 
forms small white crystals. This is the sulphate of zinc. For 
the purpose of commerce it is made by roasting the native sul- 
phuret of this metal, and then throwing it into water. The 
sulphate is formed by the decomposition of the sulphuret, on 
the same principle as above described for the manufacture of 
green vitriol, and being dissolved by the water, is obtained by 
evaporation. 

Sulphate of zinc has a strongly styptic taste, is soluble in 
al)out two and a half parts of cold water, and reddens vegetable 
blu(; colors, though strictly a neutral salt. 

This salt consists of 82 parts of the sulphate, and 7 atoms, or 
03 parts of water. 

It is employed in medicine, as a tonic and emetic. 

What ■infular and curloun property does this eompound po«era 7 For what use* 
fiil piiriHiM may liiiH pynjnhoru»s be employed 1 What is the composition of aul- 
phatr of iron 7 What i8 the common name of sulphate of iron t How Is ifteen 
vUri«>l manulactured on a larffe icale 1 Explain the chemical changes by which the 
BulphureC of iron Im converted iuto copperas. What ars the utw of tuipbote of Iroo 1 
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CHAPTER XXII. 

NiniATESL 

568. The nitrates, when thrown on burning charcoal, defla- 
^ate, or produce a yivid combustion of the charcoal. This is 
in consequence of the oxygen gas which they yield when heated, 
which unites with the combustible as it is expelled. 

All the nitrates, without exception, are decomposed at high 
temperatures, and by heat alone. Some of them, as the nitrate 
of potash, or niter, yield oxygen gas in a state of considerable 
purity when heated, and hence are employed for the purpose 
of obtaining oxygen. 

As all the nitrates deflagrate when thrown on burning char- 
coal, this simple test is sufficient to distinguish them from other 
salts. Another test of these salts, is their power of dissolving 
gold leaf, when mixed with muriatic acid. 

The only native nitrates are those of potash, lime, soda, and 
magnesia. 

IflTRATE OF POTASH, 102. 

2 eq. N. Acid, 54+1 eq. Potash, 48. 

SALTPETER, OR NITER. 

569. This salt may be prepared by saturating the common 
carbonate of potash with diluted nitric acid, and evaporating 
the solution until crystals are formed. 

That used in commerce, and for the manufacture of gunpow- 
der, is prepared by throwing into heaps, under cover, the re- 
mains of decayed vegetable and animal matter, found about old 
buildings. Heaps of such earth, when exposed to the air under 
sheds, gradually generate nitric acid, in consequence of the com- 
bination of the nitrogen, which is always contained in animal 
remains, with the oxygen of the atmosphere. The earth from 
such situations also contains lime, magnesia, and commonly 
considerable proportions of potash, from the ashes of burned 
wood. Thus there appears to be formed in these niter beds, 



of what is sulphate of zinc composed ? What is the comnfon name of sulphate 
of zinc? How is the sulphate of ainc of commerce prepared J What proportion of 
water does this salt contain ? What are the uses of white vitriol ? Why do the ni- 
trates deflajrrate when thrown on burning charcoal? What gas do the nitrates yield 
when heated 1 How may the nitrates be readily distinguished from all other salts 1 
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the nitrates of lime, potash, and ma^esia. After the earth has 
remained in this situation for several months being now and 
then sprinkled with water, it is lixiviated, and to the solution 
of these salts there is added a quantity of potash, which decom- 
poses the nitrates of lime and magnesia, thus leaving the nitrate . 
of potash in solution. The niter is then crystallized by evap- 
orating the water, and afterward further purified for use. 

In tlie East Indies, this salt is formed spontaneously in the 
soil, and is found in small crystals on its surface. It is there- 
fore obtained»with great facility, nothing more being fiecessary 
than to lixiviate the earth and purify the niter. 

Nitrate of potassa is a colorless salt, of a cool saline taste, 
which crystallizes in six-sided prisms. It contains no water of 
crystallization, but its crystals always contain more or less 
water mechanically retained in them. When- heated, it under- 
goes the igneous ftision, and at a red heat is decomposed, 
first giving out oxygen, and afterward both oxygen and nitro- 
gen, and if the heat be continued, there will remain only pure 
potassa. 

In chemistry, this salt is employed in the manufacture of 
nitric and sulphuric acids, and for the purpose of obtaining oxy- 
gen gas. In the arts, it is chiefly used in the manufacture of 
gunpowder and fire- works. 

570. Gunpowder is composed by weight, of six parts niter, 
one part sulphur, and one of charcoal, fiiese ingredients being 
first finely powdered separately, are then mixed into the form 
of a paste, with water, and beaten together with a wooden 
pestle, until they become very intimately incorporated. This 
paste is then granulated, by passing it through sieves, and care- 
fully dried in the sun, forming the grains of gunpowder. 

571. Fulminating powder is made by mixing in a mortar 
three parts of niter finely powdered, two parts of carbonate of 
potash, and one part of sulphur. The whole being thoroughly 
mixed by grinding, forms the powder in question. 

When a quantity of this mixture is placed on a shovel, and 
heated gradually, until the sulphur begins to inflame, it ex- 
plodes, giving a loud and stunning report, and leaving the ears 
oardly in a state to hear any thing more for hours, or if tlie 
quantity be considerable, even for days. Not more than 1 5 or 

Wbaf Isthepme^M of preparing the niter of commerce 1 In whtt country is niter 
fbrmed qioutaneouily t Whin nil er i« hea'ed, what gaaesare expelled, and what sub* 
•Une« remaiiM In the fire 1 What are the iiaea of niter 1 What it the composition 
•ffunpowder 1 How la fiitmiiialing powder prepared 7 How Is t^ia powder used 1 
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20 grains of this powder should be exploded at onoe, unless in 
the open air. 

672. Nitrate of ammonia. — ^The mode of preparing this 
salt was described under the article nitrous oxide, . This salt is 
composed of one proportion of nitric acid, 54, and one propor- 
tion of ammonia, 17=71. It also contains one proportion of 
water =9. 

NITRATE OF SILVER, 164. 

• 1 eq. Nitric Acid, 64+1 eq. Silver, 110. 

LUNAR CAUSTIC. 

673. When silver is thrown into nitric acid, the metal is 
dissolved, with a copious disengagement of red fumes, which 
consist of the deutoxide of nitrogen, formerly described. 

The solution, if allowed to evaporate, will form large regular 
crystals, in the shape of. flat rhombs. These, if the metal is un- 
alloyed, are pure nitrate of silver. They contain no water of 
crystallization. They imdergo the igneous ^ion at a very 
moderate heat, and in this state, being cast into small cylin- 
drical moulds, form the substance so well known, and so univer- 
fially employed in surgery, and for other purposes, under the 
name of lunar caustic, 

A solution of this salt in water, being applied to animal or 
vegetable substances, stains them, after exposure to light, of a 
permanent black color. , The skin or hair may be made black 
m this manner, and there is no doubt but persons have colorecl 
their faces and hands with this substance, as preparatory to the 
commission of the worst of crimes. No washing, or any other 
means, will whiten the skin, once stained with this solution, 
until the scarf-skin itself wears off, or is removed, which re- 
quires several weeks. The solution itself is perfectly trans- 
parent, and in appearance can not be distinguished from pure 
water. 

674. Indelible ink is a solution of nitrate of silver in water, 
and is well known as the only substance in use, with whkJi 
cotton and linen may be marked in a permanent manner. 

Nitrate of silver, in solution, is decomposed by a variety of 
substances, having a stronger attraction for oxygen than the sil- 

When silver is thrown into nitric acid, what gas escapes? What is the composi- 
tion ofliitrate of silver ? What is the common name of nitrate of silver 1 What is 
lunar caustic 1 What effect does a solution of nitrate of silver have on the skin, or 
hair 1 What is indelible ink 7 What substances are meniioaed which decompose 
nitrate of silver 1* 
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ver has. Bj the action of such substances, the silver is revived, 
and appears in its metallic form. Thus, a stick of phosphorus 
placed m this solution, is soon covered with metallic silver ; and 
if the solution be heated to th^ temperature of boiling water/ 
with a litUe charcoal in it, the metal will be reduced, and maj 
be obtained in the form of crystals. 

The composition of the nitrate of ^silver is seen at the head 
of this section. 

There are many other nitrates, but none of them are of suffi- 
cient use, or interest, to require a description in this book. 



CHAPTER XXIII. 

CHLORATES. 



575. The chlorates resemble the nitrates in many of their 
characters. These salts were formerly called oxymuriates. 
Most of them are decomposed at a red heat, with the evolu- 
tion of pure oxygen gas, and are converted into metallic 
chlorides. 

The pupil may find some difficulty in pointing out the dis- 
tinction between the chlorates and chlorides. The chlorates are 
composed of chlorine united to oxygen, forming chloric acid, 
which acid, being combined with the metallic oxides, form 
chlorates. The chlorides are composed of uncombined chlorine, 
either united to the metals themselves, or their oxides. Thus, 
chloride of lime is composed of lime, or oxide of calcium, and 
chlorine. But chloride of calcium is composed of the two sim- 
ple bodies, chlorine and the metal calcium, consequentiy con- 
tains no oxygen. 

When the chlorates are decomposed by heat, as above stated, 
and converted into chlorides, the change is produced by the ex- 
pulsion of the oxygen which the compound contained, and the 
lobsequent union between the chlorine and the base of the 
alkali, or the metal itself. Thus, when chlorate of potassa is 
heated, its oxygen escapes, while the chlorine remains, and com- 
bines with the base of the alkali, forming chloride of potassium. 

What were the chlurates formerly called 1 What ii taid of the deeompoeition of 
the chlorates by heat } What is the difference between the chlorates and the chlo- 
rides 1 What are the chemical changes by whiph the ohioratss ars conrsftsd into 
tbs chlorides 7 

29 
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In produdDg the chlorates, it is not necesMoj that the ehlorio 
add snould first be formed, and then combined with the salifia- 
ble base, since the same result is produced by merely paa^ng 
the chlorine through a solution of the alkali This will be ex- 
plained under the chlorate of potassa. 

TLe chlorates are all of them artificial' compounds, none of 
tlicm having been discovered in the native state. Most of them 
yield their oxygen to combustibles with such facility as to pro- 
duce explosion. Thus, when chlorate of potash is rubbed m a 
mortar with phosphorus, or struck in contact with sulphur, 
violent detonations are produced. 

576. Gun cotton. — This is a recently invented explosive 
compound, which it was supposed by some would, for many 
uses, take the place of gunpowder. But the enej^ of its 
action, and the uncertainty with which it explodes, are such as 
to render it a dangerous agent, especially in the hands of the 
inexperienced. It is therefore, at present, employed rather as a 
curiosity than as an article of general utility. 

577. Manufacture. — Gun cotton is made by a very simple 
process, though manufacturers differ somewhat in the propor- 
tions of their materials. The following is said to be one of the 
best : Mix together equal propoiiions of nitric add and of strong 
sulphuric acid, say an ounce and a half of each, and into this 
immerse one hundred grains of clean cotton fiber, for ^wq 
minutes. Then remove the cotton, and wash it in cold water 
until every trace of the acid is removed. Having dried it in 
the sun, or by means of a gentle heat, not to exceed 120 de- 
grees, the manufacture is finished. 

Gun cotton thus prepared, has the appearance of the com- 
mon article, tinged a little yellow ; though, on trial, it will be 
found to have lost much of its strength. 

It is a dangerous agent in young hands, and must always bo 
used with caution, sometimes exploding when not expected, and 
with only the lieat of boiling water. Its combustion is as in- 
stantaneous as the best gunpowder, and is attended by an im- 
mense volume of flame, leaving not a trace in the form of carbon, 
or ashes, behind. 

When confined, it explodes with terrible energy, and may 
therefore ultimately become a cheap and efficient agent in the 

In producing the chlorates, is the chloric acid first formed, or is it only necessary 
to pass the chlorine through the alkaline solution ? Do any of the chloratefi occur 
in nature ? What is said of the facility with which the chlorates yield their oxygen 
to combustibles 1 How is gun cotton made 1 What is the appearance c^ this ar* 
tide Y What is said of its dangerous properties ? 
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ait of mining. Its power of propelling balls is said to be about 
eight times greater than the same weight of gunpowder. 

618. Detonating sitoar. — Prof. Sobrero, of Turin, has dis- 
covered that detonating sugar may be prepared thus : Pour on 
powdered loaf sugar a mixture of two parts, by volume, of sul- 
phuric, and one of nitric acid. The sugar is at once converted 
into a viscid mass. On adding about 20 times as much water 
as there was acid, the mass is converted into a white substance, 
which is diffusible in the acid mixture, is insoluble in water, 
but is quite soluble in alcohol and sulphuric ether. In a moder- 
ate heat it melts and is decomposed, without detonation ; but 
if suddenly heated to redness, it explodes like gunpowder. By 
a blow with a hammer it explodes, but feebly. It has not been 
applied to any useful purpose. 

CHLORATE OF FOTA8H. 

1 eq. Chloric Acid, 76 + 1 eq. Potash, 48. 

OXTMURIATB OF POTASH. 

579. The chlorate of potash is formed by passing chlorine 
gas through a solution of the pure caustic alkah in water. 

The pure potash is readily prepared in the following manner : 
Make a solution c^ the carbonate of potash in its own weight of 
liot water, in an iron vessel, and add to this as much quicklime 
by weight, as there was potash, and let the mixture boil for 
about ten minutes. Then strain the solution through a linen 
cloth, and it will be fit for use. 

The lime abeorbs the carbonic acid from the potash, forming 
with it an insoluble compound, thus leaving the alkali in its 
pure, or caustic state. 

The caustic potash being placed in a proper vessel, the 
chlorine is passed into it as long as any of the gas is absorbed. 

680. Apparatus for chlorate of potash. — ^The appar- 
atus for this purpose is represented at Fig. 102. 

The solution is contained in the three-necked bottle. The 
chlorine may be evolved by first introducing into the retort two 
ounces of finely ])owdercd black oxide of manganese, and after 
6%'ery thing is arranged, as in the figure, pouring on this, through 
the safety tube, four ounces of muriatic acid, and then applying 
a gi»ntlft licat. When the Rolution is saturated, the gas will 
pass ofif by the bent tu1>e into the open air. 

What is nM to be Its furc^, rompared with funpowdfrl ~ "^mpotH^ 

rhn of chlonite of |iolMh I How is csasttc p<»tash pr^Nurti" 
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Chiontte of Potath. 



To obtain the salt, the solution is evaporated with a gentle 
heat, and on cooling, small shining crystals of chlorate of pot- 
ash will be deposited. The first product only must be reserved 
for use, as the solution will afterward fonn crystals of muriate, 
instead of chlorate of potash. 

In the production of this 
salt, by the above process, 
the chloric acid is formed 
by the decomposition of the 
water, the oxygen of which 
unites with one portion of 
the chlorine to form the 
acid, while the hydrogen 
thus disengaged, unites with 
another portion of the chlo- 
rine, forming muriatic acid. 

Hence the solution as above intimated, contains both muriate 
and chlorate of potash. 

When chlorate of potash is heated, it gives off oxygen gas 
nearly pure, and chloride of potassium remains. 

681. Detonates with sulphur. — ^If two grains of this salt 
are mixed with one grain of sulphur, and the mixture is struck, 
or pressed suddenly, a loud detonation is produced. When 
struck in contact with powdered charcoal, a similar eflfect re- 
sults. If a grain of the chlorate and half a grain of phosphorus 
be rubbed together in a mortar, very violent detonations will be 
the effect. In making this experiment, the hand should be 
covered with a glove, and the face protected by a mask, or 
averted, as the inflamed pliospliorus is sometimes projected sev- 
eral feet by the explosion. 

If a little of this salt be mixed with twice its weight of white 
sugar, and on the mixture a few drops of strong sulphuric 
acid be poured, a sudden and vehement inflammation will be 
produced. 

These phenomena are owing to the facility with which 
the chlorate of potash parts with its oxygen to combustible 
substances. 

682. Friction matches. — This salt forms the base of the 
matches, by which a light is instantly obtained. The chlorate 

What is the use of the lime in preparing caustic potash 1 Explain the process by 
whiclj chlorate of potash is formed. How is the chfor'c acid formed by this process 1 
Whence comes the muriate of potash which the solution contains 7 Mention some 
of the experiments which may be made with this salt aud a combustible I How are 
the red matches prepared from this salt ) 
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being finely pulverized by itself, is then mixed with twice its 
weight of white sugar, moistened so as to prevent explosion, 
and afterward made into a paste with mucilage of gum arabic. 
A little of this paste is fixed on the ends of Mmstone matches, 
10 that when it is inflamed, first the sulphur and then the wood 
is set on fire. These matches require only to be rubbed on a 
rough body, when they instantly burst into fiame. 

Attempts are said to have been made in France, on a large 
scale, to substitute the chlorate of potash for niter in the manu- 
fsu^ture of gunpowder. But it was found that the workmen 
could not mix the ingredients, under any circumstances, without 
the greatest danger, and that in many instances explosions took 
place after the powder was prepared ; the attempt was there- 
fore abandoned. Attempts have also been made to use mix- 
tures of this salt for percussion priming, but it was found that 
the chlorine acted so readily on the iron, as soon to injure the 
gun, and it was therefore laid aside, for the fulminating mer- 
cury, which is now generally used for this purpose. 



CHAPTER XXIV. 

PHOSPHATEa 

583. The phosphates of the metals are converted into phos- 
phurets by heat and charcoal. Some of the alkaline and 
earthy phosphurets undergo a partial decomposition by the 
same means, while others are not changed. A number of phos- 
phates are found in the native state, such as those of iron, lime, 
copper, and lead. 

PHOSPHATE OF 80 DA, 64. 

1 eq. Acid, 32+1 eq. Soda, 82. 

584. This salt is prepared on a large scale in chemical manu- 
factories, by neutralizing, with carbonate of soda, the super- 
phosphate of lime, procured by the action of sulphuric acid on 
burned bones. The phosphate of lime, which the solution con- 
tains, is separated by filtration, and the liquid containing the 

What it Mid of the iittrinpts made to Mubirtittite the chlorate of potavh for niter, in 
th« preparation of funpowder 1 What are the phofphates which occur in the native 
mmf I What ia the eompoeition of phosphate of wxla 1 How is tha pboapbate of 
Mida prepared on a large pcale 1 What kiUie UMof pboq^bataofaodal 
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phosphate of soda is then evaporated uDtil crjBtals of the salt 
are deposited. 

The phosphate of soda is composed of one proportion of the 
acid, 32 ; one proportion of soda, 32 ; and twelve proportions 
of water, 108. It is employed in medicine, and in chemistry, 
as a reagent 

BORATES. 

586. The borates are few in number, and being, most of 
them, of no use, are little known. They are distinguished by 
imparting a green color to the flame of alcohol, when dissolved 
in it. Any borate, being first digested in sulphuric acid, then 
evaporated to dryness, and the residue boiled in alcohol, pro- 
duces this efifect. Hence, this is the test for these salts. 

BIBO^ATB OF SODA, 80. 

2 eq. B. Acid, 48+1 eq. Soda, 32. 

BORAX. 

686. This is the only borate of any consequence, either in 
chemistry, or the arts. It occurs native in certain lakes in 
Persia and Thibet, which are said to be supplied from springs. 
The edges and shallow parts of these lakes are covered with a 
crust of borax, which being removed, another deposition is 
formed. It is imported into Europe and America in its rough 
or impure state, under the name of Tincal, and which being 
purified, forms the refined borax of commerce. 

This salt is capable of being crystallized, in six-sided prisms, 
though more commonly seen in amorphous pieces. 

It is soluble in six times its weight <5f boiling water. When 
exposed to heat, it enters into the watery fusion, and at the 
same time swells to several times its former bulk. When the 
water of crystallization is expelled, it passes silently into the ig- 
neous fusion, and forms a vitreous transparent globule, called 
fflass of borax. Borax is used as a flux, by braziers and 
mineralogists, and is employed in medicine, in cases of sore 
mouth. 

Besides the constituents of this salt placed at the head of 
this section, borax contains 8 atoms, or 72 parts of water of 
crystallization. 



How are the borates distinguished ? What is the composition of the biborate of 
soda t What is the common name of this salt 1 Where is borax fouad 7 What is 
glass of borax 1 What are the uses of borax 7 
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58*7. The nature of the fluates, owing to the nncertainty 
which exists concerning the base of the fluoric acid, are little 
known. These salts may, however, be readily identified by first 
reducing them to powder, and pouring on sulphuric acid, when, 
with the aid of a gentle heat, fluoric acid will be disengaged, 
and may be recognized by its property of corroding glass. 

Several fluates are found in the native state, and it is from 
these only, or rather from one of them, the'^fluate of lime, that 
the fluoric acid is obtained. The topaz is a compound of fluoric 
acid, alumine, and silex. Its chemical name is fiuosilicate of 
alumina, 

FLUATB OF UME, 38. 

1 eq. F. Acid, 10+1 eq. Lime, 28. 

DERBYSHIRE SPAR. 

588. This salt is found in its native state, in many parts of 
the world. It is often seen as an article of luxury, cut into the 
form of vases, candlesticks, or boxes, under the name of Derhy- 
ihire spar. Its colors are purple, green, .red, blue, and white, 
often mixed in the same specimen, and forming one of the most 
beautiful of mineral substances. This substance crystallizes in 
a great variety of forms, the cube being the most common. 

Some varieties of this salt phosphoresce, when thrown upon 
hot iron, emitting light of various colors, as green, red, blue, <fec. 

When fluate of lime is exposed to the united action of sul- 
phuric acid and heat, it is decomposed, the fluoric acid being 
liberated in the form of gas, while a sulphate of lime is formed. 
By this method the fluoric acid is obtained. 

carbo'nateb. 

589. Some of the carbonates exist in great abundance in the 
native state. The carbonate of lime forms entire mountains. 
These salts may generally be distinguished from all others by 
their effervescence, when exposed to the action of the stronger 
acids. This is owing to the escape of carbonic acid during the 
d<.*compo6ition of the salt. Tlius, when sulphuric acid is poured 

What uroportioii of water iIock borax contain 1 Uow may tlie fluates be known 1 
From what natural tiubntance in the fluoric acid obtaiufdl Wliat in the chemical 
uame of tuuax'l What laihecum|ioaitiuii. und what the comLininff number, of fluate 
of lioMl what is the common name of duate of Umel Uow la fluoric acid ob- 
Ulocd 1 What carboiuua forms entlra mouutaiiui 1 
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on carbonate of lime, ilie lime and acid combine,- while the car- 
bonic acid, being thus liberated, escapes through the solution, 
and occasions the effervescence. 

The carbonates, with the exception of those of potash, soda, 
and ammonia, are very sparingly soluble in water. The car- 
bonate of lime is entirely insoluble in pure water, but is slightlj 
soluble in water containing carbonic add. 

Many carbonates of the metals, as well as of the earths, are 
found native. The carbonates of lime, of soda, barytes, stron- 
tian, magnesia, manganese, of iron, copper, and lead, are all 
native salts. 

OARBONATB OF POTASH, 70. 

1 eq. C. Acid, 22+1 eq. Potash, 48. 

POTASH. PEARLABH. 

590. The well known substance pearlash, is the potash of 
commerce deprived of its impurities, and saturated with carbonic 
acid. The potash of commerce is obtained by lixiviating the 
ashes of land plants, or common wood, and evaporating the so- 
lution to dryness. In this state it is of a dark reddish color, 
and when recently prepared, is exceedingly caustic to the taste 
and touch. By ago its caustic property is gradually lost, in 
consequence of the absorption of carbonic acid from the at- 
mosphere. Potash is chiefly employed in making soft soap 
and glass. 

The bicarbonate of potash is prepared by transmitting a cur- 
rent of carbonic acid gas through a solution of the carbonate. 
This salt contains 44 parts of carbonic acid and 48 parts of 
potash, making its equivalent 92. It also contains 9 parts, or 
one proportion of water of crystallization. This is far milder, 
both to the touch and taste, than the carbonate. At a red 
heat it parts with one proportion of its acid, and is reduced to 
a carbonate. 

This salt is in common use under the name of sal ceratis. It 
is employed for culinary purposes ; in many of the arts, and in 
medicine. 

The bicarbonate of potash may be obtained in regular pris- 
matic crystals by evaporating its solution gradually. 

How may the carbonates be distinguished from all other salts'? What occasions 
the effervescence when carbonate of lime is acted on by a strong acid ? What car- 
bonates are found native? What is the composition of carbonate of potash ? What 
Is the common name of carbonate of potash 1 How is potash obtained 7 What are 
the uses of potash 1 How is the bicarbonate of potash prepared ? What is the com* 
mon name of bicarbonate of potash 1 
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CiJtBOHATE OW SODA, 54. 

1 eq. C. Acid, 224-1 eq. Soda, 82. 

80DA. 

591. The carbonate of soda is prepared by burning plants 
which grow in the sea, and lixiviating their ashes. The im- 
pure soda of commerce is known under the name of barilUiy and 
IS obtained by burning certain sea plants expressly for the pur- 
pose. An inferior kind is called kelp, and is prepared with less 
care and from different plants. 

The carbonate of soda of commerce is prepared by dissolving 
barilla in water, filtering the solution, and then evaporatfhg the 
water. If the evaporation is conducted slowly, the salt shoots 
into, regular crystals. By continued gentle heat these crptals 
part with their water, and are rendered anhydrous without loss 
of carbonic acid. Tins salt dissolves in about its own weight of 
hot water. 

Carbonate of soda is composed of one proportion of the acid, 
22 ; one proportion of soda, 32, and 10 proportions, or 90 parts 
of water. 

Hard soap is prepared entirely from soda. Bicarbonate of 
soda is made by transmitting carbonic acid through a solution of 
the carbonate in water. It may also be prepared by placing ves- 
sels containing the carbonate in the vats of a distillery, or brew- 
ery, where the process of fermentation is carried on. By either 
process the carbonate is made to absorb an additional proportion 
of the add, and is thus converted into the bicarbonate. 

This salt contains two proportions of the add, 44 ; one pro- 
]x>rtion of soda, 32, and 9 parts of water. 

The bicarbonate is in general use as a medicine, and forms 
the alkaline portion of soda powders. It also forms the basis of 
that agreeable beverage, soda-water. 

MURIATES. 

592. The muriates may be distinguished by the emission 
of muriatic acid fumes when tested with strong sulphuric acid. 
And also when in solution, by forming a white insoluble chlo- 
ride, when tested with nitrate of silver. The muriates, when in 
a dry state, are chlorides. 

Haw la th« carbonate of aoda prepared 1 What is the name of the impure ^oda of 
commerce 1 What ia iielp i Wliat ia the oompoaiijou of carbonAteofaoda 1 What 
iiind of anap b made from aoda I Bjr what proceaa ia biearbonate of aoda nada 1 
Uow doM IM btcmrbonale of aoda diner from the CArbooata of todal 
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mnUATK OF AMHOilU, 54. 

1 ©q. M, Acid, 87+1 eq. Ammonia, 17. 



8AL AMMONIAC. 



503. Sal ammoniac was formerly imported fix>m the East, 
and particularly from Egypt; but has for many years been 
manufactured in large quantities, in several parts of Europe. 
Several processes are used at the different manufactories. 'Hie 
following is the method employed at !» principal mann&ctory in 
Paris: 

Two kilns are constructed of brick, in which are placed proper 
vessels^for containing the materials employed. Into one of these 
vessels is placed a quantity of common salt, on which is poured 
sulphuric acid, and into the other are thrown animal matters, 
such as horns, bones, parings of hides, &c On the application 
of heat there is extricated from one vessel, muriatic acid gas, 
and from the other, ammonia. These gases are conducted by 
flues into a chamber lined with lead, where they combine, and 
ibrm solid muriate of ammonia, which incrusts the roof and 
sides of the room, and enters into solution with a stratum of 
water on the floor. 

Muriate of ammonia, as seen above, is composed of muriatic 
acid and ammonia. Both these constituents exist in the state 
of a gas, but when combined they form the solid compound in 
question. 

The elements of ammonia, (nitrogen and 
hydrogen,) exist in all animal substances, 
and the muriatic acid is a constituent of 
common salt. In the above process the 
ammonia is extricated by the heat, while 
the muriatic acid is evolved by the decom- 
position of the common salt. 

This method of preparing sal ammoniac 
may be illustrated in the following manner, 
and affords a very instructive and satisfac- 
tory experiment. 

Pro\ide two flasks, each furnished with a 
lube, as represented at Fig. 103. Into one 
of these put a handful of common salt, and 
a little sulphuric acid, and into the other 



FIO. 103. 




JSat Ammonia. 



What are the uses of bicarbonate of soda 1 What is the composition of muriate of 
ammonia 1 What is the common name of muriate of ammonia ? What is the pro- 
cess fur making muriate of ammonia ? 
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pfut equal parts of powdered quiddime and sal ammoniac 
ground together. Then invert over the ends of the tubes a tall 
bell glass, or a tubulated receiver, as seen in the figure, and ap- 
ply a gentle heat to the bottom of each flask. The two gases 
will be disengaged, and combining, will form a white doud 
within the receiver, which will gradually condense and cover its 
Bur£ftce with solid sal ammoniac. If one of the gases be intro- 
duced into the receiver without the other, it will remain trans- 
parent and unseen until it meets the other, when a dense white 
doud will instantly be formed. 

In this experiment the ammonia is set free, in consequence 
of the decompodtion of the muriate, by the quicklime, which 
combines with its muriatic acid. 

The article used in smelling bottles, and called volatile salU^ 
karMom, <fec, is a carbonate of ammonia. 

MUEIATE OF BARTTK8, 115. 

2 eq. Muriatic Acid, 37+1 eq. Barytes, 78. 

594. This salt is formed by saturating muriatic acid with 
carbonate of barytes. For this purpose, either the native or 
artificial carbonate may be employed. 

Muriate of barytes crystallizes in four-sided tables, and con- 
tains nine parts, or one proportion of water. It is .soluble in 
about two and a half times its weight of water ; and is much 
employed as a reagent in chemistry. 

HYDRO SULPHURETS. 

696. Sulphureted hydrogen is formed by the action of mu- 
riatic acid on sulphuret of antimony, or some other metallic 
salphuret 

This gas is capable of forming salts with the alkalies, or alka- 
line eaiths, when passed into meir aqueous solutions. It thus 
performs the ofiSce of an acid, and the compounds so formed 
are called hydfsulphurets. 

The hydrosulphurets are all of them easily decomposed, with 
the disengagement of sulphureted hydrogen ; the fetid odor of 
which seldom leaves the experimenter in any doubt concerning 
the character of the compound. 



How 

p«rataa 



mar the proce<i of making the muriate of ammonia be IIIuRtrated by the ap- 
I repreaeuted at PI*. 103. What if the compoaitton. and what the combinliiff 
tiooi of muriate of banrteal How to the muriate of barjrtea prepared 1 What 
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SS9. The best method of making this salt, or of impr^rDBtiiig 
w«t«r with any other gns, is by means of the apparatus repre- 
sented by Fig. 104. 

"Hie solution of pure potash 
in water, n placed m the lower 
vessel, while iLe materials for 
extricating the sulphurated hy-- 
dn^n are contuned in the 
retort. The iuflui of the snl- 

Ehureted hydK^en into the 
iwer veesel, drives the fluid 
into the upper one, the junc- 
ture between the tiro being 
made close by grinding. Thus, 
the fluid presstD); on the gas, 
the absorption of the latter is 
greatly facilitated. In this 
manner soda water may be 
made, the tube in the upper 
vessel being convenient for l^e 
introduction of an additional 
quantity of soda, when required, 
esperimeiiting 
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for a similar purpose when 

utstances. These vessels being made 
of glass, the change in the height of the fluid, and consequently 
its degree of pressure on the gas, are made obvious. 

This salt forms large transparent crystals, in the shape of 
sii-sided prisms. Its taste is bitter, and it ia soluble in water 
and atcohoL 



S97. There are several combinations of hydrogen wifli 
various sabetancea, and several names expressive of such com- 
pounds, some of which are new, and which, therefore, we will . 
explain at this place. 



698, The hydraada are combinations of hydrogen with cer- 
tain bases, which compound perfbrma the part of an acid in the 
formation of salts. These acids and their salts are therefore 
remarkable for the absence of oxygen, and the presence of hy- 

Kiipl>inFli.ll>i,>nddwcrib*lnwhUin»Dowtlwwuerprt»f»onminit»aBr»to4 
n ItH rMoit,»Dd iBrMll InwIiH appcmiHU Wbuu""" '■-'' — '-"■' 
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drogen. It was formerly supposed that oxygen was the univer- 
sally acidifying principle, and hence its name, as already ex- 
plained. But further investigations have shown that salts are 
formed without the presence of oxygen, hydrogen in one sense, 
being the substitute for oxygen. Hiese compoimds, therefore, 
are called salts of the hydracids^ in order to distinguish them 
from the salts of the oxyacids, which contain oxygen, as the 
acidifying principle. 

The substances with which hydrogen unites to form acida, 
are chlorine, iodine, bromine, fltwrine, selenium, sulphur, and 
cyanogen. These acids, accordmg to the nomenclature formerly 
explained, form severally, hydrochloric, hydriodic, hydrobromic, 
hydrofluoric, hydroselenic, hydrosulpkuric, and hydrocyanic 
acids. The hydrocyanic is the prussic acid, the hydrochloric, 
the muriatic, and me hydrosulphuric, sulphureted hydrogen ; 
to the others, there are no old, or common names. 

The salts which these acids form with alkaline or metallic 
bases, are hydrochlorates, hydriodates, hydrobromates, hydro- 
fluorates, hydroseleniates, hydrosulphates, and hydrocyanates. 
These names of course indicate the constituents of the several 
compounds to which they apply. 

Some of these salts are highly important and universally 
known, while others are worthy of notice only as chemical 
compounds. We shall here refer only to the former. 

The hydrochlorate of ammonia is the muriate of ammonia^ 
more commonly known under the name of sal ammoniac, 

Hydrochlorate of soda is the muriate of soda, or common salt. 

The hydrocyanates, or prussiates, have already been ex- 
plained. 

The hydroferrocyanates are salts which were formerly called 
triple prussiates. They are combinations of hydrogen, iron, 
and cyanogen, as the name indicates. 

The term hypo is prefixed to a number of acids and salts, to 
denote the first degree of oxygenation. Hypo means sub, or 
under, and is employed in cases where bodies are capable of 
combining with more than two proportions of oxygen. The 
nomenclature of the acids of sulphur forms an example. These 
acids are four in number, depending on different degrees of 
oxygenation, and are termed 1, Ayj^osulphurou^ acid ; 2, sulphur- 
ous acid; 3, Ay/^osulphurtc acid; 4, sulphuric acid, when 
these several acids are combined with salifiable bases, the 
names of tlie salts thus formed are hyposulphites, sulphites, hy- 
poaulphatea, and salphates. 

30 



PART III. 



CHAPTER XXV. 

OBOAinO GHElOSnEY. 



599. Organic chemistry comprehends the chemical histoiy 
of all those different substances or elements, which form veget- 
able and animal bodies. 

In many respects this department of chemistry differs very 
materially from that of the mineral kingdom. The analysis of 
inorganic bodies show, that each substance which differs mate- 
rially from another substance, contains some principle peculiar 
to itself^ or that the difference arises from the multiplied pro- 
portion of some one constituent, while the other remains the 
same. Numerous instances of both these cases will be found, 
on referring to the composition of various substances, and to 
such compounds as are formed by the imion of different, but 
definite proportions of the same elements. Thus, sulphur, 
united with oxygen, and carbon united to the same element, 
form two compounds differing from each other in every respect, 
with the exception that they both combine with salifiable bases 
and form salts. And mercury, with one proportion of chlorine, 
forms a compound, which may be taken in large doses, and is 
in general use, as a medicine, while with another proportion of 
the same element, it becomes one of the most corrosive poisons 
known. 

On the contrary, the elements of organized bodies are com- 
paratively few in number, and although the different products, 
of which there is a great variety, must be composed of different 
proportions of these few elements, yet the resulting compounds 
of the same elements seldom present qualities differing widely 
from each other, like those of the mineral kingdom. 

There is another viride difference between organic and inor- 
ganic chemistry. The latter presents us only with. compounds 

What does the third part of this volume treat of? What does organic chemistrj 
compreheud 1 In what reftpect does organic chemistry differ from mineral chemiih 
try? What is said of the number of elements in organized bodies? Wh&tisthsdiA 
ference in the mode in which inorganic and organic substancss are formed t 
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formed in consequence of affinity, or the attraction of the heter- 
ogeneous particles of matter for each other. But organic sub- 
stances are formed by the action of peculiar organs, each organ 
being endowed with the power of producing different results 
from similar elements. 

Thus, the several organs of the same tree produce wood, 
bark, flowers, fruit, gum, honey, <fec., from the same elements ; 
while the organs of secretion, and growth, in animals, produce 
bone, marrow, flesh, bile, frit, hair, nails, <fec., from the same 
food. 

In general the chemist finds little difficulty in decomposing 
and afterward imitating the products of the mineral kingdom, 
by again joining the same elements to each other. 

But although he can decompose the products of organic ac- 
tion, and find the proportions of their elements, he never has 
been able to recompose or imitate these compounds. Thus, 
sugar and gum are round to be composed of hydrogen, oxygen, 
and carbon, and the exact proportions of these elements which 
they contain, are known ; but no chemist has yet found the 
means of combining these elements, so as again to form sugar 
and gum. 

Organic substances differ also from inorganic, in their ten- 
dency to decomposition. Thus, all animal and vegetable bodies, 
without exception, when exposed to the agencies of air and 
moisture, undergo spontaneous changes, their elements entering 
into new combinations, and forming new compounds to the en- 
tire destruction of the old ones. The compounds of the min- 
eral kingdom, on the contrary, are generally permanent, many 
of them having probably not suffered the least change since 
their creation. 

The changes which result from the decomposition of animal 
and vegetable substances, are often exceedingly complicated, 
and particularly when this is produced by heat, and in a close 
veasel. A compound, consisting of carbon, hydrogen, and oxy- 
gon, when thus treated, will produce water, carbonic acid, car- 
bonic oxide, and carbureted hydrogen, and if the substance 
contains nitrogen, in addition to these, there will also be formed 
ammonia, and cyanogen. 

Whftt milMtancet do the diflTerent orgaiu of a tree form, from the same el«ment« 1 
What Hte ihft tliflrrriit ■ubi'iaiic«*a mentioned, which the aeveral orgauaof aii animal 
produce from the vame footi 1 What if aaid of the power of the chemiftta tu imitate 
iiiorjtanir niid nrganic fubafaiicea? What is the difference between inortfanic and 
urKaiiic b«Mlie« with reapect to the teudoocj to decompoeilion 1 Wliat ia kaid w ith re- 
■pcct to tbt complicated chaof es which orfanic boaieii uodergo, bjr decompoaition 1 
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CHAPTER IIVI. 

VEGETABLE CHEIOSIRT. 

600. Befobk proceeding to describe partdcidar substances, or 
the means by which the compos^on of v^etable products are 
ascertained, and to show the elements of which they are com* 
posed, we shall ^ve a short account of the process of vegeta- 
tion, and point out the chemical changes which take place dur* 
ing the growth of plants. 

We have already stated, that the elemei^ts of which veget- 
ables are composed are few in number, and that the great 
variety which we observe in plants, and their different parts, 
must therefore arise from the different proportions in which 
these few elements unite. 

The constituents of vegetables are carbon^ hydrogen, and oory- 
gen^ to which is occasionally added small proportions of nitro- 
gen. The nitrogen, however, occurs only in such plants as emit 
the animal odor during their decomposition, as cabbage, and 
some of the mushrooms. 

Notwithstanding the great variety which we observe in the 
texture, color, taste, smell, hardness, and other properties of 
different plants, as well as their several parts, such as flowers, 
seeds, and fruits, it is certain that their composition differ only 
in respect to different proportions of these elements. 

601. Essential organs of plants. — The essential organs 
of plants, are the root, the stem, the leaves, the flowers, and the 
seeds. The root ser\"es to attach the plant to the soil, and is 
one of its organs of nutriment. 

The stem, which is usually erect, serves to elevate the leaves, 
the flower, and the fruit, from the ground, by which they are 
exposed to air and light. The leaves are the respiratory organs 
of the plant, and the flx>wer performs the important office of 
giving rise and nourishment to the se^s, by which the plant is 
reproduced. 

^Vhen a seed is exposed in a situation which favors its 
growth, it soon undergoes a change. It swells, grows soft. 

What are the elements, or constituents of which all vegetables are composedl 
How is the great variety under whicli vegetables appear accounted for, when their 
elements are so few in number 1 What are the essential organs of plants 1 What 
I)ui*po8e do each of these organs serve 1 When a seed is placed in circumstaocei 
favorable to itb growth, what changes does it undergo 1 
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bursts its membrane, or sbell, and at tbe ftame time, from being 
iosiitid and fftrinaceous, it becomes sweet and mucilaginous, 
tbus becoming fit nourishment for the new pU9 '^''^ stem 
and leaves are soon a&er elevated above tbe eartb, in aearcb of 
air, warmth, and lig-bt, while tbe root sinlu into the ground in 
search of moisture and nourishment. 

The seed, however various in form, consists essentdally of the 
cotyledon, the plumula, and the radicle. The cotyledon con- 
tains the matter necessary for tbe early nourishmeat of the 
young planL Sometimes this is single, sometimee double, ami 
sometimes it is divided into lobes. The piumuls is enveloped 
within tbe cotyledon, and ia tbe part which produces tbe stem 
and leaves. The radicle shoots downward, and becomes the 

The garden beau, having been 
a few days in the ground, shows 
all tiiese parts in perfection, and 
is represented by Fig. 105. The 
cotyledons form the bulk of tbe 
seed, and are marked a, a. The 
plumula, b, and the radicle, c, 
are represented as beginning to / 

shoot, while d, d, mark the c 

membrane by which the whole Oanim Bau, 

has been inclosed. 

802, Gewdnation q¥ bbbds. — The circumstances necessary 
for healthy germination are, a temperature above the freezing 
point, and below 100 degrees ; moisture in a certain proportion, 
depending on the kind of seed ; and a proper access of air. 

The joint operation of these several agents seem absolutely 
requisite ; for seeds exposed to the action of air and moisture, 
at a temperature below 32 degrees, will not grow, though they 
may not be absolutely destroyed by tbe frost !N^or will seeds 
vegetate without the contact of some air, though both heat and 
moisture be present. This is shown by burying Meds deep in 
the ground, where they are known to lie in a torpid state for 
years, and in some instances, it is supposed, even for centuries. 
Thus, when alluvial soils are exposed to the sun, though taken 
from many feet below tbe surface, they aflford grass from the 
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seedB they already contain, and which had before remained tor- 
pid an unkjipwn length of time, for want of the germinating 
power of oj^en. 

This curious fact is confirmed by the experiment of Mr. Ray, 
who found that seeds exposed to heat and moisture, but con- 
fined in the exhausted receiver of an wr-pump, showed no signa 
of germination. 

603. Germination rbquibes oxygen. — Other experiments 
have proved that seeds will not grow under any circimistanGes, 
without the presence of oxygen. Healthy seeas, supplied with 
abundance of heat and moisture, but confined to an atmosphere 
of nitrogen, carbonic acid, or hydrogen, showed no signs of 
germination. 

It appears, however, that only a very small quantity of oxy- 
gen, is required for .this purpose, for Mr. Ray found that when 
Qie receiver of his air-pump was not completely exhausted, the 
seeds would sprout In this respect several experimenters 
have been deceived, and in consequence of not producing a 
complete vacuum, have concluded that air was not necessary 
for the process of germination. 

It being thus certain that seeds will not germinate without 
the aid of oxygen, it hardly need to be stated that the future 
growth of the plant must require the presence of the same 
principle. 

The immediate sources from which plants draw their nour- 
ishment, has been a matter of doubt and controversy. It is 
certain, however, that they will not grow without the presence 
of heat, air, and moisture. It also seems necessary for their 
vigorous growth, that their roots should be placed in the earth, 
but whether this is requisite for their nourishment, or whether 
the ground serves merely to give them support, was a question 
long in dispute. 

604. Van Helmont's willow. — ^Van Helmont planted a 
willow, which weighed five pounds, in a pot containing 200 
pounds of earth. This he watered for the space of five years, 
and, at the end of that time, the tree was found to weigh 16di 
pounds, while the earth in which it had stood, being dried as 
at first, was found to have lost only two ounces. Here, then, 
was an increase of 164 pounds weight, and yet the food of the 

What was Mr. Ray's experiments on the growth of seeds ? What gas is absolutely 
necessary to the growth of seeds ? What are the agents necessary for the Tigoroua 
growth of a plant ? What was the experiments of Van Helmont, and what was it 
supposed to decide 1 
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plant bad been water only. This experiment was supposed to 
settle all controversy, and to decide that the sole food of plants 
was water. But Mr. Boyle afterwards sbowed, Ibat the water 
with whicb Ibe tree was moistened, contained earth, from which 
the willow derives at least a part of the nourishment. 

After a great variety of curious, and many elaborate experi- 
ments on this subject, it has been ascertained, that plants will 
germinate in pure water, and that the young plant, for a time, 
will grow with no other aliment; but that it finally grows 
sickly, and does not come to maturity and produce seed, with- 
out other nourishment. 

A proof that plants do not thrive on water alone, is drawn 
firom the well known fact, that soils become sterile by a long 
succession of crops, but are again made productive by the 
addition of new ingredients. 

Nor does it appear that the simple earths, or clay, without 
some additional ingredients, are sufficient to support tbe growth 
of vegetables. On making an experiment, by planting seeds in 
pure silica, alumina, or magnesia, moistened with pure water, 
and exposed to proper degrees of heat, it was found that, al- 
though germination was effected, the young plants did not 
grow, until supplied with water, which contained vegetable or 
animal remains in solution. 

It is for this reason, that earth, taken from a depth below 
the surface, never forms a productive soil. The soils best 
adapted to the growth of plants, always contain a proportion of 
vegetable mould, that is, the remains of decayed vegetables. 
This mould contains a quantity of matter which is soluble in 
water, and it is probable that the fertility of a soil depends, in 
a degree, on the quantity of soluble matter it contains, and liiat 
in this manner the aliment of plants is prepared for absorption 
by the roots. 

The sapy which is prepared from the fluid absorbed by the 
roots, is constantly ascending up the vessels of the plant during 
its growth, imtil it arrives at the leaves. Here it undergoes a 
considerable change, the watery parts being thrown off by the 
perspiration of the leaves, while that which remains is converted 
into a peculiar juice, called the true sap, which, like the blood 

How did Mr. Boyle show that the willow did not live on water alone ? Wliat has 
been ascertained with respect to the growth of plants in pure water 1 What common 
fact, concerning soils, show that plants will not thrive on water alone? What is 
said ofthe growth of vegetables in the pure earths 1 Why does not the earth, taken 
irom a considerable depth below the j^urface, form a productive soil? On what does 
the lertility of a soil appear to depend 1 



356 YiaiTABUB cummn'Ri. 

of animals, is afterward employed in forming the Tarioua sub* 
stances found in plants. 

The leaves of plants are not only their perspiratory organs, 
but they also serve the purpose of respiration, that is, they 
alternately absorb carbonic acid and emit oxygen at their 
surfaces. 

Plants constantly throw off moisture from their surfaces, by 
perspiration, but the quantity is much larger during the day 
than during the night Dr. Hales found tlmt a cabbage trans- 
mitted, daily, a quantity of water nearly equal to half its 
weight. The oflSce of transpiration is performed entirely by the 
under side of the lea^ and may be almost entirely stiDpped by 
spreading varnish on that surface. 

605. Plants absorb carbonic aoid. — The fact that plants 
absorb carbonic acid was first observed by Dr. Priestley. 
Having suffered a sprig of mint to vegetate for ten days in a 
quantity of this gas, which would instantly extinguish a candle, 
he found, at the end of that time, that the candle was not ex- 
tinguished by it as before, but that the flame continued for a 
while. Subsequent experiments have shown, that pure carbonic 
acid stops the growth of plants, but that a small quantity is 
absolutely necessary to healthful vegetation. 

In Dr. Priestley's experiment, the sprig of mint could not 
have qualified the air in which it was confined, for the support 
of combustion, merely by the absorption of the carbonic acid. 
It must be inferred, therefore, from this experiment, that the 
plant not only absorbed carbonic acid, but that it gave out oxy- 
gen, or that it converted the carbonic acid into oxygen gas, and 
this inference has been confirmed by other experiments. 

Plants, while growing in the light, absorb carbonic acid from 
the atmosphere, which they decompose ; the oxygen, of which 
this acid is in part composed, being emitted, while the carbon 
is retained by the plant. 

606. Plants emit oxygen. — If a growing plant, as a sprig 
of mint, be exposed to the sun, in a glass vessel filled with 
water, it constantly emits from its l^ves small bubbles of air, 
which on examination are found to be oxygen gas. Now 

What changes does the sap undergo in the leaves 1 What is the tnie sap. and 
what its use 7 W!iat office do the leaves perform besides that of perspiration 1 What 
proportion of water did Dr. Hales find a cabbage to transmit 1 What part of the iea^ 
throws off moisture 1 What was Dr. Priestley's experiment with a sprig of mint and 
carbonic acid 1 In Dr. Priestley's experiment, what change did the mint produce on 
the carbonic acid ? When a plant is exposed to the sun in a vessel of water, whence 
comes the carbonic acid which it decomposes ? What two (acts prove that pluiUi 
emit oxygen in consequence of the decomposition of carbonic acid f 
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water, under ordinary circumstances, always contains a quan- 
tity of atmoepheric air, and the atmosphere always contains a 
proportion of carbonic acid, and hence it may be infeiTcd, that 
the water furnishes the air which the plant decomposes in this 
experiment; that this is the case, is proved dii'ectly by making 
the experiment with water, deprived of its air by the air-pump, 
or W boiling, when not a particle of oxygen is obtained. 

l^at it is the carbonic acid which the plant decomposes, and 
from which the oxygen is derived, is proved by two facts. The 
first is, that vegetables are found not to emit oxygen, unless 
carbonic acid be present The other is, that if the plant be 
confined in a mixture of carbonic acid and oxygen, the quanti- 
ties of which are known, the proportion of oxygen will be in- 
creased, while that of the acid will be diminished. 

From these facts we arrive at the wonderful conclusion, that 
plants absorb carbonic acid from the atmosphere, and that 
they retain the carbon for their own nourishment, but return 
the oxygen to purify the air. And from all that is known, it 
is most probable that a great proportion, if not all the carbon 
which wood contains, is derived fromUie atmosphere in this 
manner. 

607. Plants absorb oxtgek. — On the contrary, during tlie 
night, or when the light of the sun is withdrawn, plants absorb 
oxygen, and form with it carbonic acid, a part of which they 
emit, and a part is retained. 

It appears from experiment, that vegetables not only cease to 
thrive, but Uiat they actually die, if deprived of this nightly in- 
spiration of oxygen. Thus, if a plant be confined during the 
day in a portion of carbonic acid, it decomposes a part of this 
gas, whicti is replaced by the emission of an equal volume of 
oxygen. But at night a part of this oxygen is absorbed and 
converted into carbonic acid, which is again emitted. Thus, 
ultimately, the plant decomposes all the carbonic acid, because 
it emits more oxygen during the day than it absorbs during 
the night But if Uie oxygen which is formed during the day 
is witlulrawn at evening, that is, if the plant has a new supply 
of pure carbonic acid every day, it soon droops, and dies for the 
want cif \t» oxygen. 

008. Tub lkaver of plants adsorb water. — The leaves 
of plan to absorb water, as well as carbonic acid and oxygen. 

When pfantH decompoM carbonic Kcid, wluit brconiM of the earboni From what 
■ource ia tt probable that plauta derive moat of tiieir carbon 7 When do pUuta ab- 
anrto oxygen from iha af moaphera 1 
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The great effect which the dew of night, or sprinkliiig with 
water, has on a drooping flower, is a proof that the leaves im- 
bibe moisture. 

Experiments also prove, that detached leaves often live for 
weeks, when swimmmg on the water, and that a plant which 
is dying for want of moisture at the root, will revive and grow, 
when a branch with its leaves is placed in a vessel of water. 

It is most probable, therefore, that during dry seasons, and 
when there is a defect of moisture at the root, that the plant is 
in part sustained by the absorption of water from the air, and 
particularly from the dew as it falls at night. 

609. Plaih-b incline toward the ligiit. — ^In addition to 
heat, moisture, oxygen, and carbonic acid, healthy vegetation 
requires a certain quantity of liffht. It is well known that 
plants which grow in the dark are always nearly colorless, and 
that they appear weak and unhealthy. The disposition of 
plants to enjoy the light is expressed by their inclination toward 
it, when it is stronger in one direction than in another. 

Thus, bean, or potato vines growing in a dark cellar, will al- 
ways run toward the light, and if possible will creep out into 
the open air. And flowers, growing in pots placed near a win- 
dow, will always lean toward the light, so that to keep them in 
a vertical position, the pots must often be turned. In thick 
forests, the trees grow tall for the same reason ; they stretch 
upward to enjoy the light and heat of the sun. 

Plants which grow in the dark contain more water, and less 
carbon, than those whicli grow in the sun. A plant which 
grew in the dark, on analysis of one of its branches, was found 
to contain only one ninetieth part of carbon ; but on allowing 
the same plant to stand for thirty days in the sun, it was found 
to contain one twenty-fourth part of carbon. 

This is readily accounted for, by the fact, that plants grow- 
ing in the dark, emit no oxygen, but give out carbonic acid, 
and hence the defect of carbonaceous matter which they con- 
tain. This also accounts for the circumstance, that when a 
healthy plant is placed in the dark, it not only ceases to form 
carbon, but actually loses a part of that which it before con- 
tained, by the constant emission of carbonic acid. 



llow is it shown that plants droop and die, when deprived of oxygen 7 How is it 
shown that the leaves ol plants ab^jorb water? What uffent does liealthy vegetation 
require in addition to heat, oxygfii, water, and carbonic acid ? How do plants show 
their disposition to enjoy the lijrht / Why do the trees in thick forests grow talll 
What is the diflVreJice in composition betwtreu plants growing in the dark, and In the 
light 1 How is the t^mnil quantity ol'carbon contained in plants growixig ia the dark 
arconnted for? 
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CHAPTER XXVII. 

AGBICULTUML CHEMZSTRT. 

610. Obsbevation. — ^The analysis of soils, in order to de- 
tect what is considered injurious to any particular crop, and to 
remedy the defect by adding such ingredients as are wanting 
for general or peculiar cultivation, has of late years become so 
common, that the present state of science, in this respect, calls 
for at least a chapter on this subject, to the exclusion of less 
important matter. Wo, therefore, abridge the following from 
liebig's Agricultural Chemistry, the most recent and important 
work on this subject. 

611. Chemical elements of a soil. — ^The fertility of a 
soil is much influenced by its physical properties, such as its 
porosity, color, attraction for moisture, or state of disintegra- 
tion. But independently of these conditions, the fertility de- 
pends upon the chemical constituents of which the soil is 
composed. 

Experiment has shown that the alkalies, earths, and phos- 
phates, which constitute the ashes of plants, are indispensable 
for their vigorous growth. 

612. Salts and acids. — ^Plants require certain salts for 
their growth, the acids of which salts often exist in the soil, or 
are generated from nutriment derived from the atmosphere. 
If such materials do not exist within reach of the plants, their 
growth will be feeble, and the whole vegetation nearly or quite 
useless. 

Tliese salts do not, however, occur simultaneously in all 
plants ; thus, in saline plants, soda is the only alkali found ; in 
whoat and rye, lime and potash are constituents ; and in other 
plants, magnesia and potash exist. 

613. Acids. — ^Tho acids vary in a similar manner. Thus 
one s|)C'<;ies may contain phosphoric acid, in the form of phos- 
phate of lime ; another, phosphate of magnesia ; a third, an al- 
kali combine<l with silicic acid ; and a fourth, an alkali in com- 
bination witli a vegetable acid. 

CH. Wheat. — ^Tlie most important and extensively cul- 
tivated crop in this country is wheat. This is best cultivated 
in a soil containing a good proportion of silicate of potash, 
lliat is, a soil K^ousihting of sand, formed of quartz, feldspar, and 
mica, portions of which diHintegratie by the action of th« 
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weather, together with a mixture of decomposed T^etation. 
On such a soil, large fields of wheat may be produced eveiy 
year for an indefinite time. As a manure for such soils, when 
required, it is said that wood ashes are among the best, since 
they contain both phosphate of lime and silicate of potash. 

The ailieate of potash, formed of silicic acid and potash, is a 
salt found in small quantities in plants, and also in many soils, 
in both of which it is detected by chemical analysis. The 
phosphate of lime is found in animal remains, especially in 
bones, of which they are chiefly composed.. 

615. Sulphur in plants. — ^Most culinary vegetables con- 
tain sulphur in greater or less proportions. What are called 
by botanists crttciferotis plants, as cabbage, mustard, and tur- 
nip, contain notable quantities of this element. Hence, as 
plants are found to thrive best on the materials of which they 
are at least, in part, composed, so it is a matter of experience, 
that all cruciform vegetables thrive best in soils containing sul- 
phur. Gypsum, (which is sulphate of lime,) shavings of wood," 
refuse wool, or old woolen clothes, torn in pieces and decayed, 
each form excellent manure for all plants of the cruciferous 
family, as they all contain sulphur. 

616. Potash Ind tobacco. — A most striking proof of the 
influence of potash upon vegetation, has been furnished by the 
investigations of the ^^Administration" on the subject of tobacco, 
in Paris. For many years, accurate chemical tests of the ashes 
of various sorts of tobacco, have been executed by order of the 
above-named authority, and it has been found as the result, that 
the value of the tobacco stands in a certain relation to the quan- 
tity of potash contained in the ashes. By this means, the soils 
on which the several kinds of tobacco grew, could be distin- 
guished ; and it was further ascertained that certain kinds of 
American tobacco had their value increased, or diminished, in 
proportion to the potash they contained. Hence it would ap- 
pear that wood ashes, as a manure, gives value to the tobacco 
crop. 

617. Indian corn. — ^There are certain plants, says Liebig, 
which contain either no potash, or a mere trace of it. Such 
are the poppy and Indian com, {Zea mays,) For such plants, 
the potash in the soil is of no use. 

618. Analysis of different soils. — Liebig has given the 
analysis of a great variety of soils, in different parts of the 
world, chiefly, however, in the several departments of Grermany, 
and in Hungary and Bohemia. In North America, he has 
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iavored ua with only two examples, both in Ohio, and of comae 
in fertile regions, but in what parts he does not define. They 
are as follows : 

MOETH AMXKIOA. 

619. Sar&oe soil of alluvial land in Ohio, remarkable for its 
fertility. 100 parts consisted of 

Silica and silicious sand, 79.538 

Alumina, . 7.306 

Iron, peroxide and protoxide o^ • • • • 5.824 

Peroxide of manganese, 1.320 

Lune, 0.619 

Magnesia, 1.024 

Potash, with silica, 0.200 

Soda, 0.024 

Phosphoric acid, lime, and oxide of iron, • 1.776 

Sulphuric acid and lime, 0.122 

Chlorine, 0.036 

Humus, soluble in alkalies, 1.950 

Nitrogenous organic matter, 0.236 

Wax and resinous matter, 0.025 

100.000 

Surface, and subsoil in the vicinity of the Ohio river. This 

soil was also distinguished for its great fertility. The surface 
soil is marked A and the subsoil B. 

A. B. 

Silica, with silicious sand, fine, . 87.143 94.261 

Alumina, 5.666 1.376 

Peroxide and protoxide of iron, . 2.220 2.336 

Peroxide of manganese, . . . 0.360 1.200 

lime, 0.564 0.243 

Magnesia, 0.312 0.310 

Potash, with siUca, 0.120 0.240 

Soda, 0.125 

Phosphoric acid, 0.060 a tijce. 

Sulphuric acid, 0.027 0.#4 

Chlorine, 0.086 a trace. 

Humus, soluble in alkalies, . • 1.034 » 

Humus, 1.072 

Carbonate of lime, 0.080 

Nitrogenous, organic matter, • 1.011 

100.000 J00,000 
81 
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620. Hi7MU8. — ^This substance, mentioned in the above analy- 
sis, Liebig defines to consist of woody fiber in a state of decay. 
It is, therefore, carbon and water. 

The property of woody fiber is, by uniting with the oxygen 
<^ the atmosphere, to convert it into an equal portion of car- 
bonic acid gas. This gas, it is well known, is the most im- 
portant food for young plants, and hence it is, that vegetation 
IS so rapid and vigorous among old decaying wood. 

The leaves of plants absorb this acid from the atmosphere, 
and by the aid of light, heat, and moisture, they convert it into 
their own substance, the carbon becoming solid, while the oxy- 
gon remains to purify the air. 

Humus does not nourish plants by being absorbed into their 
substance, but by furnishing carbonic acid, as above stated, 
which is not only taken up by their leaves, but by their roots 
also. 

621. How CHARCOAL OPERATES. — Charcoal is not subject 
to decomposition by time, heat, and moisture, but remains for 
ages under all such influences combined, without the least 
change. Pieces of this substance have been found in the cata- 
comb of Egypt, where they had remained unclianged for 
thousands of years. It therefore does not fiimish, by decompo- 
sition, any nutriment to plants, and yet there is no doubt but 
charcoal is a good stimulant to vegetation. This is 'explained 
on the principle of its great absorbing powers for the gases, and 
particularly carbonic acid, which gas, as above stated, is con- 
verted into wood by growing plants. 

622. Experiment. — If charcoal, in a vessel containing the 
roots of a plant, be placed where it can not absorb carbonic 
acid, it will droop and expire, in the same manner and time 
that it would if placed in a vacuum. This is a proof that 
plants growing in charcoal, are supported entirely by its ab- 
sorbing powers. 

623. No maturity in charcoal. — Although plants will 
grow in charcoal, yet the^ never attain maturity, and ripen 
their Ipeds, without some additional nutriment, such as water 
containing some salt, as potash, or the liquid manure, from de- 
caying vegetables. 

What is said of salts and acids for the growth of plants ? What )BoU is best for 
wheat 1 What plants contain sulph ir ? What is the best manure for tobacco) 
What is said of potash as a manure foi Indian corn 1 What is humus? .How doei 
charcoal operate to support vegetation T 
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CHAPTER XXVIII. 

ANALYSIS OF VEGETABLES. 

624. Wb know, as already stated at page 362, that the chief 
elements of vegetables are carbon^ orygen^ and hydrogen ; but 
that we may take the simplest case to illustrate the means of 
detecting these elements, we .will suppose the subject of analy- 
sis consist only of carbon and hydrogen. In this case it is ob- 
vious that their entire combustion in oxygen gas, would afford 
nothing but carbonic acid and water. Now let us see how we 
shall come at the proportions of these. The quantity of car- 
bonic acid being determined, either by weight or measure, the 
proportion of carbon could be inferred; and this ascertained 
and compared with the original weight of the substance to be 
analjrzed, would j^ve the proportion of hydrogen. Thus, sup- 
pose that 7 grains of the sul^tance under analysis, yielded by 
combustion in oxygen, 22 grains of carbonic acid, then we 
should know that the quantity of carbon present was 6 grains, 
or 1 proportion of carbon united to 2 proportions of oxygen, 16 
grains =22 grains of carbonic acid. The 1 grain of hydrogen 
of course combined with oxygen to form water, and as these 
unite in the proportions of 1 and 8, there would result 9 grains 
of water. 

Suppose, in another instance, the weight of the compound to 
be analyzed was 15 grains, and that it was composed of hydro- 
gen, oxygen, and carbon, as a piece of wood ; and that on sub- 
jecting it to heat with oxide of copper, we obtained 22 grains 
of carbonic acid, and 9 grains of water, then the result would 
be by inference, that the wood contained carbon, 6, hydrogen, 
1, and oxygen, 8 = 16, because, there being 9 grains of water, 
we infer by the law of definite proportions, hydrogen, 1, oxy- 
gen, 8=9, and tliere being 22 grains ^f carbonic acid, this, by 
the same iivw, is composed of carbon, 6, and oxygen, 16=22. 
Now, since tliere was only 16 grains of the wood, we infer that 
1 proportion of the oxvgen was derived from the wood, and 1 ^ 
J)roj>ortion from the oxi<le of copper. 

ITie sulwtancM^ to lie analyzed must first be reduc^ to pow- 
dor, if capabh*, if not into small pieces, and mixed with about 
100 times its weight of oxide of copper, tlien the mixture is to 
l>e dried in the vmmum of an air-pump, wherein is also a small 
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▼essel of sulphurio acid. The substanoe for analysis is first 
heated to about 212 degrees, or higher if it will bear ii, and in 
this state set under ^the receiver, before containing the acid, 
and then the air exhausted. The acid by its affinity to water, 
abstracts all the moisture still retained by the substance in the 
dish. 

The mixture to fig. 106. 

be analyzed being 

thus prepared, it _ ^ 

is introduced into 
the tube of green 
glass, a. Fig. 106,^ 

which is open at Analyaia ^ V^etablet. 

the large end, and 

drawn out into a fine point at the other, to which is attached 
the small glass globe, c, communicating with the pipe, d, which, 
contains chloride of calcium. From the tube, d^ there passes a 
crooked tube, leading under the bell-glass, /, which stands in 
the mercury bath, g. The orifice of the tube, a, being closed 
by a piece of clay or otherwise, the tube is heated very gradually 
by burning charcoal, the screen, ^, according to the directions 
of Prof. Mitscherlich, being necessary " for the purpose of pre- 
venting the heat from spreading too rapidly, lest the glass 
should become fused." 

By means of the heat, the carbon and hydrogen of the sub- 
stance to be analyzed, unite with the oxygen given out by the 
oxide of copper, so that a complete combustion goes on within 
the tube, and water and carbonic acid are composed. The 
water collects in the globe, c, and if any vapor passes, it is ab- 
sorbed by the chloride of potash in the tube, d. That part of 
the apparatus being carefully weighed both before and after the 
process, the excess of weight must be due to the water. The 
carbonic acid passes along and escapes into the bell-glass,/, 
within which is the small glass globe, c, filled with moist caus- 
tic potash, into which tlfe carbonic acid is directed, where it is 
instantly absorbed by the potash, and thus the additional weight 
of the globe and its contents will indicate the amount of car- 
bonic acid generated during the process. Both the water and 
acid formed during the analysis, can be determined in the man- 
ner already pointed out, through the aid of definite proportion. 
If any nitrogen is evolved during the process, this will be re- 
tained under the bell-dass, and its quantity estimated. It will 
not be absorbed by the potash which takes up the carbonic 
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acid. Or, perhaps, where the elements are complicated, one 
experiment had better be made for the nitrogen alone. 

RBCAPITULATION. 

1. Vegetable substances are chiefly composed of carboUj ' 
hydrogen^ and oxygen^ but sometimes contain portions of 
mtrogen, 

2. During the process of germination, the farinaceous sub- 
stance of the seed becomes sweet, and affords nourishment to 
the young plant 

3. Healthy germination does not proceed without the com- 
' bined presence of heat, water, and oxygen. 

4. Seeds will not germinate in a vacuum, or in any gas ' 
which does not contain oxygen, though heat and moisture be 
present 

5. Plants receive nourishment from the air, as well as from 
the earth. 

6. Plants nourished by pure water, and having access to the 
air, grow for a time, but do not produce seeds. 

7. The nourishment which plants receive by the roots, is 
pro||^bly in a state of solution in water. 

8. The sap imdergoes a change in the leaves, where it parts 
with a portion of water, and is thus fitted to form the various 
substances found in vegetables. 

9. In the day time, plants absorb carbonic acid, retain the 
carbon, and emit the oxygen. 

10. In the night they absorb oxygen, and give out carbonic 
acid. 

11. Plants do not live unless they are permitted to absorb 
oxygen during the night ; nor will they live unless they absorb 
a portion of carbonic acid during tbe day. 

12. Vegetation will continue for some time in either carbonic 
acid, or oxygen gas ; because when confined in carbonic acid, 
plants emit a quantity of oxygen during the day, which they 
absorb at night ; and when confined in oxygen, they give out a 

Quantity of carbonic acid at night, which again serves them 
uring the day. 

13. Healthy vegetation absolutely requires the agency of 
light 

14. Plants which grow in the dark are white. They show 

Th« •tadent ihoukl b« abU to aoiwer all the qoMtioM InrolTed in Uiis 
31* 



366 VlK£OAII, 

their propensity to enjoy the light, by leaning, or creeping to- 
ward it 

15. Plants growing in the dark, do not absorb, and decom- 
pose, but emit carbonic acid, and hence they contain a deficiency 
of carbon. 



CHAPTER XXIX. 

VEGETABLE ACmS. 



625. The vegetable acids are generally less liable to sponta- 
neous decomposition than other vegetable products. They 
form salts when combined with the salifiable bases. Most of 
them are decomposed by hot nitric acid, being converted into 
carbonic acid and water. All of them suffer decomposition 
when exposed to a red heat. These acids are numerous, but a 
large proportion of them are of little consequence, and there- 
fore we shall describe only the most useful. 

ACETIC ACID, 50. ^ 

4 eq. Carbon, 24. 3 eq. Oxygen, 24. 2 eq. Hydrogen, 2. 

VINEGAR. 

626. The acetic acid, or vinegar, exists ready formed, in the 
sap of some plants, either in a free state, or combined with 
lime, or potash. It may be formed artificially either by the 
acetous fernaentation, or by the destructive distillation of wood. 

In the first case, it is made by exposing wine, cider, beer, or 
any other liquid capable of passing through the acetic fermen- 
tation, to the action of the air. This last condition is absolutely 
requisite, for no liquid will form vinegar if prevented from the 
access of air, that is, fi-om the presence of oxygen. The liquid 
must also be exposed to certain degrees of temperature, for the 
acetic fermentation does not proceed when the thermometer is 
at 32 degrees, and but very slowly when it is near this point 

In this process, little or no gas is evolved, but on the contrary 
the oxygen of the atmosphere is absorbed, so that the liquid 
undergoes a slow oxidation. 



What is said of the tendency of vpjretable acids to decomposition ? How may the 
vegetable acids be decomposed ? What is the composition of acetic acid ] Wliat is 
the common name of acetic acid ? I&vine^r ever found ready formed in plants 1 
How may this acid be formed by art 1 What liquids form this acid by fermentatioai 
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The yinegar obtained by the distillation of wood is called 
pyroligneous acid, that is, the acid of burned wood. When 
first made, it is very impure, and of a dark color, holding in 
fioiudon carbon, soot, tar, creosote volatile oil, which gives it a 
strong smell of smoke. It is purified by a second d^tillation, 
and is largely employed for manufacturing purposes, and par- 
ticularly in iJie preparation of white lead. 

The acetic acid is distinguished from all other acids by its 
peculiar flavor, odor, and volatility. Its salts are dialled acetates. 
These salts are all of them decomposed at a red heat, or by the 
action of sulphuric acid. 

ACETATE OF LEAD, 162. 

1 eq. A. Acid, 60-|-l eq. Oxide Lead, 112. 

SUGAR OF LEAD. 

• 

627. This salt is prepared by dissolving either litharge, or 
white lead, hi distilled vinegar. The solution is sweet to the 
taste, and hence its common name. It occurs in small shining 
crystals, which contain 27 parts, or 3 atoms of water. This 
salt is partially decomposed when abandoned to the action of 
the atmosphere. It parts with its water of crystallization, and 
absorbs carbonic acid from the atmosphere, thus being changed 
into a carbonate, or into white lead. We have stated in 
another place, that in th» manufacture of white lead, the same 
change is effected ; the lead being firsl dissolved by the acetic 
acid, and afterward changed into a carbonate by the action of 
the atmosphere. 

The acetate of lead is largely employed in the process of 
coloring, and as a sedative and astringent in surgery. 

ACBTATB OF COPPKE, 130. 

1 eq. Acetic Acid, 60+1 eq. Oxide of Copper, 80. 

YCRDIQRIB. 

628. This salt may bo prepared by exposing metallic copper 
to the vapor of vinegar. Tlie process appears to consist in the 

What conditionf are n(»eeraar]r to the production of vinefar by fermentatioD 1 
What ftaa ia absorbed from the air by the forming vlnegiir 1 What to the vinegar 
from diHliltfd watt-r called? How 18 the acetic acid diiitinguiahfd from all other 
aridri 7 What i« the eomposition ofacKafe of lead ? What ia the common name for 
acHate of lead? How ia tluH aalt prfjpared ? In what manner ii> Ihia aalt decom* 
iMiaed when expoaed to the air. uuii what new aalt ia formed 7 What are the uaea of 
acetate of lead I What to the compovil.on of acetate of copper 1 What la the com* 
nun name of thia aatt 1 By wtiat chemical proceaa to thto aalt formed 1 How to tcT' 
digrto made in the large way 1 
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absorption of oxygen from tbe atmoepbere by tbe metal, a^ 
whiob it is dissolved in tbe acetic acid. 

Verdigris is manufactured largely in tbe south of France, by 
placing plates of copper between tbe refuse of grapes after the 
juice is pressed out, for tbe making of wine. Tbe fluids wbich 
tbe grapes still contain, pass tbrougb tbe acetic fermentation, 
by exposure to tbe atmospbere, and after several weeks, the 
plates acquire a coat of tbe acetate, wbicb being scraped off, 
tbey are again exposed to tbe same process. The acetate is 
afterward purified by solution, and crystallization. 

OXAUC ACID, 36. 

2 eq. Carbon, 12 + 3 eq. Oxygen, 24. 

ACID OP BORRRL. 

629. Tbe oxalic acid exists ready formed in several plants, 
and particularly in tbe oxalis (Mcetosella, or tffood scfrel, and also 
in common sorrel. It is readily prepared artificially, by digest- 
ing white sugar in ^ve or six times its weight of nitric acid, 
and evaporating tbe solution to tbe consistence of syrup. On 
cooling, crystals of oxalic acid will be deposited ; but they 
should be purified by solution in water, and again crystallized 
by evaporation. 

OxaHc acid crystallizes in slender, flat prisms, which have an 
exceedingly sour taste, and wbicb in solution combine with the 
salifiable bases, and form a class of salts called oxalates. These 
crystals contain half their weight of water of crystallization. 

This acid is easily distinguished from all others, by the form 
of its crystals, and by its solution, giving, with lime water, a 
white precipitate, which is not dissolved by adding in excess 
the same acid. Oxalic acid is one of the most prompt and 
fatal poisons known, when taken in large doses. Fatal acci- 
dents have many times happened, in consequence of mistaking 
this acid for Epsom salts. 

This acid is employed by calico printers, for the purpose of 
discharging certain colors. It is also used in families, for taking 
out spots of iron mould, and other stains. 

The oxalates are none of them of much importance. The 
oxalates of potash, like tbe acid itself, is sold under tbe name 
of essential salt of lemons, for removing stains from linen. 
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TAATARIO ACID,* 66 

4 eq. Carbon, 24 + 6 eq. Oxygen, 40 -|- 2 eq. Hydrogen, 2. 

TARTARIC ACIP. 

630. Cream of tartar is the purified lees, or deposits of wino 
casks. From cream of tartar the tartaric acid is produced, by 
mixing the former with chalk in fine powder, and throwing the 
mixture into boiling water, by which the cream of tartar, which 
is a tartrate of potash, is decomposed, and a tartrate of Hme is 
formed. The tartrate of lime is then washed, and decomposed 
by dilute sulphuric acid, which, combining with the lime, sets 
the tartaric acid at liberty, where it remains in solution. This 
solution being evaporated, the tartaric acid is obtained in white 
crystals. 

This acid is employed by calico printers, to discharge false 
prints, and by tallow chandlers, to whiten their goods. It is 
also used, when dissolved in a large qua ntity of water, as a 
cooling beverage in the hot season. When mixed with car- 
bonate of soda in solution, it forms the effervescing draught 
called soda powder, of which large quantities are prepared and 
sold during the summer season. 

The effervescence, the only property which makes this drink 
agreeable, is occasioned by the union of the tartaric acid with 
the soda, in consequence of which the carbonic acid is liberated, 
and in escaping tlm)ugh the water, causes the effervescence. 

This acid is remarkable for its power of combining with two 
bases at the same time, and forming double salts. The most 
important of these salts is well known under the name of tartar 
emetic, 

TARTRATE OF ANTIMONY AND POTABH, 354. 

2 eq. Tartaric Acid, 132+2 eq. Protoxide of Antimony, 156. 
1 eq. Potash, 48+2 eq. Water, 18. 

TARTAR EMETIC. 

631. This compound, so singular from the number of con- 
stituents it contains, is made by boiling the oxide of antimony 
called crocus metallorum, with tartrate of potash, or cream of 
tartar. 



What Ui th« tartaric acid compoaed ofl What la the aubatance from wliich tarlario 
arid la obtained 1 By wluU procem ia thia acid obtained 1 What are the uaea of tar- 
tunc arid 1 What nceaniona ihp efllcrTeacence ofaoda powderal What la the ehrm- 
kal name of tartar eniet.c 7 What la the compoailioo oTtartar emetic 1 How la tafv 
tar enctic prepari d I 
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This salt crystallizes in transparent prisms, wliich afterward 
grow white and opaque by exposure to the air. It is soluble 
in about fifteen parts of cold, and three parts of hot water. 

When dissolved in water, the solution gradually undergoes 
spontaneous decomposition, and becomes inert as a medicine. 
This may be prevented by the addition of about one-third part 
alcohol to the aqueous solution. This salt is ako decomposed 
by many reagents, as by all the stronger acids, and several of 
the alkalies and alkaline earths, and even by vegetable sub- 
stances. Infusion of nutgalls causes with it a whitish precipi- 
tate, which is considered a compound of tannin and oxide of 
antimony. This compound is mert, and hence the decoction 
of chincona bark, as it contains tannin, has been given as an 
antidote to an over dose of tartar emetic. 

CITRIC ACID, 58. 

4 eq. Carbon, 24+4 eq. Oxygen, 32-|-2 eq. Hydrogen, 2. 

SALT OF LEMONS. 

632. This acid is obtained from the juice of lemons, by the 
same process as that described for tartaric acid. Finely pow- 
dered chalk is added to the juice, as long as any effervescence 
ensues. The citrate of lime thus formed, is insoluble in water, 
and sinks to the bottom of the vessel. This being washed, is 
digested in dilute sulphuric acid, by which an insoluble sul- 
phate of lime is formed, while the citric acid, being thus set at 
liberty, remains in the solution, and on evaporation is obtained 
in crystals. 

These crystals are large, transparent, and beautiful. They 
undergo no change by exposure to the air, are exceedingly sour 
to the taste, but when dissolved in a large proportion of water, 
make an agreeable drink, in consequence of retaining the flavor 
of the lemon. 

This acid forms salts with the salifiable bases, but none of 
them are of importance. There is a variety of other vegetable 
acids, most of which are of no importance in any respect 
Some of them have been analyzed, while the composition of 
others are unknown. We may, however, conclude, by analogy, 
that they are all composed of oxygen, carbon, and hydrogen, in 

different proportions. 

— ^ — ———~— — , , ^ . 

What is said of the decomposition ofaqueous solution of tartar emetic 7 How may 
fhis decomposition be prevented 1 Explain the principle on which chincona, or 
Peruvian bark, has been given as an antidote to tartar emetic. 
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CHAPTER XXX. 

mORBDIENTS OP PLAINS. 

638. The ingredients of plants are distinct substances, formed 
by their secreting organs, and separable from each other with- 
out destructive distillation. They are separated by certain sc# 
vents, which have the power of di^olving some, but not others. 
Thus, water dissolves tne gum but not me resin, while alcohol 
takes up the resin and leaves the gum. The solvents employed 
for these purposes are hot and cold water, ether, alcohol, and 
some of the acids. 

The following are the principal ingredients, or what are 
called the proximate principles of plants, viz. : 



Gum, 

Sugar, 

Starch, 


Tannin, 

Coloring matter. 
Wax, 


Resins, 

Narcotine, 

Bitumen, 


Gluten, 

Extractive, 

Lignum, 


Fixed oil. 
Volatile oil. 
Camphor, 


Vegetable alkalies, 
Vegetable acids. 



We shall examine the properties of only the most important 
of these principles. 

OI7HB. 

634. Gum-arabic may be taken as an example of pure gum. 
It dissolves in water, with which it forms a viscid solution, or 
mucilage, from which it may be obtained in its original state, 
by spontaneous evaporation. It is insoluble in alcohol, or ether, 
the* former precipitating it from the watery solution in the form 
of white flakes. Gum is decomposed by sulphuric, and nitric 
acids. By the former, it is resolved into water, acetous acid, 
and charcoal ; the latter produces with it oxalic and malic acid. 
When gum is submitted to destructive distillation, it affords 
water, carbonic acid, carbureted hydrogen, empyreumatic oil, 
and acetic acid. 

What \» eftrlc acid eompoMd o' ) What !■ the commoD nune of thif acid 1 How 
\m citric acid obtained 1 What \r the use of citric actd 1 What are the infredienta of 
ulantal How are the inffredtr.ita of plsnta aeparattrd from each other 1 What are 
the principal iogredlfafs, or proximate priDClplea of plants 1 In what liqaid is gum 
nohiMe. Into what subeunees is gam resoWed by sulphuric ssld 1 What vrt tht 
IMToductt of fun, when Mubmittcd to destmctlTs distlllattoa 1 



/ 
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fUQAR. 



635. Sugar is chiefly obtained from the sugar-cane, a plant 
which grows in hot climates, and which yield it in a larger pro- 
portion than any other substance. It is also procured from the 
sugar-maple, by boiling down the sap which flows from incisions 
made in the tree; and from several roots, particularly the beet, 
from which large quantities are made in France. 

In the manufacture of sugar from the cane, the first process 
^^nsists in obtaining the juice, which is done by grinding and 
pressure. This is then eraporated by a gentle neat, during 
which a quantity of lime is added, partly for the purpose of 
neutralizing any free acid, and partly for the purpose of separ- 
ating extractive matter, which unites with the lime, and forms 
a scum on the surface of the liquid. The evaporation is con- 
tinued until it acquires the con^tency of syrup, when it is 
transferred into wooden coolers, where a portion concretes into 
a crystalline mass, and in this state forms what is called musco- 
vado or raw sugar. It is then placed in vessels with apertures 
in the bottom, where the more fluid parts drain oflf, and form 
the well known sweet syrup, molasses, 

636. Befiked sugar. — ^Raw sugar is refined by the follow- 
ing process : The sugar being dissolved in water, is mixed with 
the whites of eggs, or the serum of blood, and boiled. The al- 
bumen or serum is thus coagulated by the heat, and rising to 
the surface, brings with it such impurities as the sugar con- 
tained, which are removed by a skimmer. When the syrup is 
judged to be suflBciently clear, it is placed in smaller pans, and 
nirther concentrated by boiling, and then transferred into cool- 
ers, where it is agitated with wooden oars, until it appears thick 
and granulated. It now becomes white, and the crystals being 
broken by the agitation, facilitates the draining oflf of the 
colored matter which remains. 

It is next placed in conical cups of earthenware, of the well 
known form called sugar-loaf. These having apertures at the 
bottom, a portion of molasses drains oif, leaving the sugar much 
whiter than before. Lastly, a quantity of pipe clay is mixed 
with water to the consistency of cream, and poured on the 
loaves to the thickness of an inch. The water from this slowly 

What are the principal vegetables from which sugar is obtained 1 What is the 
process by which sugar is extracted from BUgar-cane? Why is lime added to the 
juice of the cane when boiling ? What is muscovado suear 1 How is molassns ob* 
tained 1 How is raw sugar refined 7 \yhat is the use of ttie albumen and serum used 
in this process ? How is the sugar purified and whitened after it is placed in lb« 
conical cups ? 
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peroolateB through the .<»«.. ..b, and washes all remains of the 
coloring matter from the i ."^.v. The loaves are then dried by 
heat, and pot in papers for sale. 

Befined sugar undergoes no change when exposed to the air, 
the dampness of raw sugar being caused by impurities. 

Sugar is decomposed by the sulphuric and nitric acids. By 
analysis it is resolved into the usual constituents of vegetables, 
oxygen, carbon, and hydrogen. 

BTAACH. 

687. Starch is an abundant principle in the vegetable king- 
dom, being one of the chief ingredients in most sorts of grain, 
and in many roots and seeds. The process for obtaining starch 
consists in diffusing the powdered grain or rasped root in pure 
cold water, by which the water is rendered white and turbid. 
After some hours, the grosser parts, which in wheat consists 
chiefly of gluten, are separated by straining, and the water 
which passes through, being placed in shallow vessels, deposits 
the starch, on standing. It is afterward washed and dried with 
a gentle heat 

If starch be boiled for a considerable time in water contain- 
ing about a twelfth of its weight of sulphuric acid, it is con- 
verted into sugar. By carefiu analysis, it has been found that 
the only difference between the composition of starch and 
sugar, is, that the starch contains less hydrogen and oxygen, in 
proportion to the carbon, than sugar. How the acid acts to 
convert the starch into sugar, has not been satisfactorily ex* 
plained. During the germination of seeds, a similar change is 
effected, the starch being in part converted into sugar. 

The principal varieties of starch, are arrow-root, potato 
starch, sago, tapioca, cassava, salop, and the starch of wheat 

OLUTUf. , 

638. Gluten may be obtained from wheat flour, by forming 
it into a paste, witn cold water, and continuing to wash the 
paste under the stream of the same fluid, as long as any thing 
18 carried away. The starch being thus removed, a tough 
elastic substance, of a gray color, will remain, which is gluten. 

What !■ Mtid of the abundaoce ofitareh lo th« TegeUbie kinfdom 1 WhiU is the 
procrM for obuiulug »Urcb 1 How may March be cooTerted into sugar 1 What li 
the difference between tiit composition of starch and sugar 1 What are the principal 
▼arietiea of starcti I How may gluten be obtained 1 What Is the appearance of 
fliileiil What are some o( the pmpertlea of gluteal Wbj is wbcttt flour said to U 
mort Bourfaihlof than tliat of other grain 1 

32 
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This snbBtance has no taste, and is insolable in water, alco- 
hol, or ether, but is soluble in alkalies and' acids. If left to un- 
dergo the putrefactive fermentation, it emits an ofiensive odor, 
similar to animal substances, and from this circumstance it is 
apparent that it contains nitrogen, which indeed is proved by 
its pelding ammonia at a red heat. 

Of all substances, wheat contains the greatest proportion of 
gluten, and it is owing to this drcimastance, that wheat flour 
IS more nourishing than that of other grain, gluten being the 
most nutritive of all vegetable substances. It is also owing to 
the presjence of this substance in the flour, that the dough is 
tenacious, and the bread spongy, or light, the carbonic acid 
formed during the fermentation of the dough, being detained 
by the gluten, in consequence of which the whole mass is dis- 
tended with bubbles of air.. 

Wheat contains from 18 to 24 per cent, of gluten, the re- 
mainder being principally starch. 

BZTRACTIVB MATTBR. 

639. Most vegetables, when infiised for a time in hot water, 
impart to it a brown color. When such solutions are evapo- 
rated, there remains a solid substance, of a brownish, or some- 
times of a yellowish color, which is extractive matter. 

Extracts are prepared by apothecaries, as a means of concen- 
trating the virtues of plants for medicinal purposes. These ex- 
tracts not only contain the proper extractive matter, but 
several foreign substances also, such as resin, coloring matter, 
oil, (fee. 

COLORING MATTER. 

640. The coloring matter of vegetables is chiefly red,^lue, 
green, yellow, or mixtures of these colors. Nearly all vegetable 
coloi-s are discharged by the continued action of light, and 
without exception, they are all destroyed by the action of 
chlorine. 

Acids and alkalies either destroy, or change the tints of 
vegetable colors. 

The extraction of the coloring principles, and the transfer of 
them to different substances, constitutes the art of dyeing^ an 

In what manner does the gluten in the dough produce the epooginess of the bread ? 
What is extractive matter 1 What are the principal tints of the coloring matter of 
vegetables? What effect does light have on ihe coloring principle of vegetables? 
What are the effects of chlorine on these colors? What constitutes the art of dye- 
ing 1 How are colors divided ? What are substantive colors 1 
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art which, in the succession of ages, has been carried to a high 
degree of perfection. This art has been practiced irom the 
remotest antiquity; for the history of man inf9rms us, that 
from the king on the throne, to the savage in the wilderness, 
all have ever been fond of decorating themselves in a variety of 
colors. 

Colors have been divided into substantive and adjective. 
Substantive colors are such as do not require the intervention 
of any other substance to fix them permanently, their attraction 
for the cloth being sufficient for this purpose. Adjective colors 
require the intervention of some substance, which has an affinity 
both for the coloring matter, and the stuff to be dyed. This 
intervening substance is called a mordant. The mordant 
generally consists of a metallic salt dissolved in water, with 
which the doth is impregnated, after which it is passed through 
the solution of coloring matter. The mordants most commonly 
employed are, muriate of tin^ sulphate of ircfn, acetate of iron^ 
and sulphate of alumine. 

Different mordants are used for different colors, and different 
kinds of cloth. Thus, black is made with sulphate of iron, nut- 
galls, and logwood. Yellow, with alum, fustic, and saffron; 
red, of cochineal, madder, red wood, or archil, with muriate of 
tin, or sulphate of alumine for a mordant. Blue is made with 
indigo, <fec. 

TANNIN. 

641. Tannin is the substance, by the absorption of which the 
skins of animals are converted into leather. This substance is 
contained abundantly in nutgalls, in the bark of many trees, 
particularly the oak, hemlock, and birch, and in most Vegetable 
substances which are astringent to the taste. 

Tannin may be obtained from any of these substances, by 
first bruising the article, and then digesting it in a small quan- 
tity of cold water, and afterward evaporating the water. This 
substance is of a yellowish brown color, extremely astringent to 
the taste, and soluble in water and diluted alcohol. 

Tannin is distinguished by its affording an insoluble precipi- 
tate with isinglass, or any other animal jelly. It is on tliis 
principle that the art of tanning leather is founded. The hides 
are laid in vats, and between them there is thrown a layer of 

> t . ! 

Wh«t are adJectiTe colore 1 What are mordanti in coloring 7 What are the prin 
cipal aubvtancea nird m mordania 1 What ia tannin 1 What are the principal vub* 
■laucf t which contain Unnin t How may tannin be obtaiuHl 1 How ia taijuin dia» 
tiofolalied I On what principle ik the tauniuf <tf iMiber (bunded 1 
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of oak, or other bark, which contaioB tannin, in coarse powder. 
The tannin of the bark is first dissolved by the water, and after- 
ward combines with the leather, by which it is rendered hard, 
and nearly impervious to water. 



CHAPTER XXXI. 

YEaETABLE OILS. 

642. Thb vegetable oils are of two kinds, Mxed and 
Volatile. 

643. Fixed oils.-— ^These are found only in the seeds <^ 
plants, and chiefly in such as have two cotyledons, such as 
almonds, linseed, walnuts, and rapenseed. The oil of olives, 
however, is extracted from the pulp which surrounds the 
kernel. 

The fixed oils are obtained by crushing or bruising the seed, 
and subsequent pressure. They are viscid, nearly insipid, and 
inodorous, and generally congeal at a temperature considerably 
higher than 32 degrees. 

The fixed oils, with a few exceptions, undergo little other 
change, by exposure to the air, than that of growing more 
viscid, and acquiring a degree of rancidity. The latter change 
is owing to the al^orption of oxygen, fo» rancid oils redden 
vegetable blues, showing that they contain a quantity of free 
acid. 

The absorption of oxygen, by some of the fixed oils, and par- 
ticularly by those of linseed and rape-seed, is sometimes so 
abundant and rapid, as to set fire to light porous substances on 
which they are spread. 

These are called cases of spontaneous combustion^ and in 
many instances, where these oils have been suffered, either by 
accident or otherwise, to come in contact with cotton wool or 
cotton cloth, destructive fires have been the consequence. 

The alkalies combine with the fixed oils, and form soap. 
The composition of all these oils is, carbon, hydrogen, and 
oxygen. 

What are the two kinds of vegetable oils? In what part of plants are the fixed 
oils found 1 How are the fixed oils obtained 1 What changes do these oils undergo 
by exposure to the air 1 Whdt causes oils to become rancid I In what manner do 
these oils sometimes produce spontaneous combustion 1 
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644. Volatile oils. — ^Plants and flowers owe their odor 
and flavor to volatile or essential oils. These oils are obtained 
by distilling the plants which contain them with water. The 
water prevents the plants from being burned. Both pass into 
the receiver from the still, where the oil is found either at the 
bottom, or on the surface, as its density is greater or less than 
that of water. Some fruits, however, yield essential oil by pres- 
sure ; such are the orange, the lemon, and the bergamot, which 
contain it in vesicles in the rind of the fruit. 

The odor of the essential oils is aromatic, and their taste pene- 
trating. They consist of the odoriferous principle, by which 
plants are distinguished from each other in a concentrated state. 
These oils are soluble in alcohol, and very sparingly so in water. 
When dissolved in the former, they constitute essences, a great 
variety of which are manufactured, particularly in Paris, and 
sold as perfrimes in most parts of the world. 

All the volatile oils, when pure, pass away by evaporation. 
Hence, a good test of the purity of these oils is to let a drop fall 
on paper, and if any oily spot is lefl;, a-ftier warming the paper, 
the essential oil has been adulterated by some fixed oil. 

The essential oils bum with a clear, white light, and the 
only products of their combustion is water and carbonic acid. 
Hence, these oils are composed solely of carbon and hydrogen, 
the water and carbonic acid being formed by the absorption of 
oxygen to support the combustion. 

On exposure to the atmosphere, they absorb oxygen, and in 
consequence become thick, kad turn of a yellowish color. They 
are at length converted into solids resembling resins. Some of 
them during this process deposit crystals, when exposed to the 
agency of light. 

Volatile oils do not unite readily with metallic oxides, and 
even with alkalies, no combination is readily eflected. They 
dissolve sulphur in large quantities, forming the well known 
article called balsam of sulphur. 

The following list contains the principal essential oils, witii 
their colors and specific gravities annexed. 

Oik af Color. BpoeUte gtvriij. 



Tarpentine, .... Coloflcai, . . . 

Lemonfl, Pkle yellow, . . 

Anbe, " " 

JaniptT, GrceDwh yellow, 

Charnoinilo, .... Deep blue, . . 

Caraway, Pftle yoUow, . . 

32* 



0.870 
0.850 
0.985 
0.911 
0.940 
0.940 
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OOi af Oalor. SpwiiB gnivMj. 

Lavender, ..... Yellow, 0.870 

Peppermint, .... Greenidi ydlow, . . . 0.920 

Rosemary, Ck)lorle8B, 0.895* 

Camphor, White, 0.988 

Mint, Greenish, 0.975 

Cinnamon, .... Yellow, 1.035 

Cloves, Pale yellow, 1.061 

Sassafras, Red, or yellow, .... 1.094 

Mustard, Yellow, 1.038 

Bitter Almonds, . . . Colorless, 1.043 

In the above table, water, as formerly explained, is estimated 
at 1000. Most of these oils, it will be seen, are lighter than 
water, while a few, as oil of cloves, are heavier than that fluid. 
It is hardly necessary to describe the properties of these oils 
separately, as they are all in many respects quite similar. The 
odors of many of them are well known, and their tastes femiliar 
to most persons who indulge in the use of candy. There are, 
however, a few of them which differ greatly from the rest of 
the class, and particularly in the power of refracting light 

BURNING FLUIDS. 

645. The numerous accidents which have occurred in conse- 
quence of ignorance, or carelessness in the use of what are 
known under the name of " burning fluids^'' make it proper 
that some notice should be taken of these compounds in this 
epitome of chemistry. 

There is some variety in the proportions of these compounds, 
but they all consist, essentially, of oil of turpentine and alcohol. 
Alcohol is composed chiefly of hydrogen, and when pure, burns 
with a pale bluish light, so entirely unfit for illumination, that 
a flame of the ordinary size of that of a lamp, will not show the 
hour by a watch at the distance of six inches. It bums with- 
out smoke, and hence is used as a spirit lamp. The oil of tur- 
pentine, (when pure, it is called camphene^) on the contrary, is 
composed chiefly of carbon, and burns with a white lights well 
fitted for illumination, but does not readily consume its own 
smoke, and hence deposits lamp black. 

The alcohol, therefore, requires the turpentine to give it the 
power of illumination, and the turpentine requires the alcohol 
to make it burn freely, and without smoke. When the two are 
mixed the compound bums freely, without smoke, and with a 
most agreeable white light, well fitted for illumination. 
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This componnd, as a hand light, has several advantages over 
oil ; it burns with very simple apparatus, merely a tube and 
cotton wick ; it requires no snuffing, and never smokes ; and, 
perhaps, a still greater advantage is, that when spilled it does 
not soil the carpet, or dress ; and, lastly, its light is much more 
brilliant than that produced by oil. But, on the contrary, 
while oil is'^ always safe, the hundreds of accidents, and the num- 
ber of agonizing deaths every year, caused by the burning fluid, 
are sufficient to show that its general use must always be at- 
tended with more or less hazard. 

646. Explosive effects. — Common hydrogen, or the car- 
bureted hydrogen, called fire-damp^ or that used for gas-lights, 
will burn silently, or without explosion, when pure, but when 
either is mixed with oxygen, or atmospheric air, and fired, a 
violent detonation is the consequence. The same happens with 
respect to the vapor of burning fluid, which consists of hydro- 
gen, or carbureted hydrogen ; it never explodes unless mixed 
with oxygen, of which, however, the atmosphere contains a 
sufficient quantity for this purpose. When, therefore, the burn- 
ing fluid m a lamp is nearly or quite exhausted, the space is 
filled with gaseous vapor, or fire-damp, which is instantly mixed 
with a portion of oxygen from the atmosphere, when the cover 
is removed : and now, the vessel is filled with an explosive mix- 
ture, which, if a blaze be brought near, will, of course, produce 
the efiects of gunpowder, with more or less force, depending on 
the quantity, or perfection of the mixture. 

The truth of these principles is illustrated by the frequent 
practice of attempting to replenish the lamp while it is burning. 
The cover is removed, the fluid poured in, which drives out the 
inflammable gas, and this, being lighter than the atmosphere, 
rejiches the flame, and the whole instantly detonates, breaking 
the lamp, if of glass, and if of metal, throwing the fluid, which 
it sets on fire, in every direction. 

But there is no need of supposing an explosive mixture, in 
order to produce the sad consequences which so often result 
from accidentally firing the burning fluid. If the mouth of the 
vi'Sftel is small, and the gas is set on fire within it, all the bad 
c'tft'Cts of an explosion will follow from the expansion of the 
C4jnt<*uts by the heat, the vessel being broken, and the fluid set 
on firti and thrown in all dirc^ctions. 

047. Uemkdies. — To avoid the horrid results of these explo- 
sioiiH, of whii'h almost every weekly paper contains more or less 
cases, it is only required that persons having the charge of 
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Imrnnig fluid, or csmpliene lights, should obsenre the fi>llowing 

roles: 

1. Fill the lamps in the morning. 

S. K a lamp requires to be filled in the evening, produce 
another light, and setting it at least two feet distant, put the 
caps on that to be filled, men remove the cover, and pour in the 
flmd. 

3. See that there is no air-hole through the cover, by which 
the vapor within the lamp can gain admission to the flame. 

, 4. See that the wicks fill the tubes so that the flame can not 
descend, in case the vapor by cold or otherwise, should be 
condensed. 

5. Employ metallic lamps, furnished with wire gauze, on the 
|»inciple of Davy's safety-lamp. 

6. Understand that the wure gauze is no protector, if the 
glass lamp is broken while it is burning. 

7. Never trust children, or careless persons, with the use of 
the burning fluid at any rate. 

8. If you sell burning fluid, never draw it in the night, either 
for your customers or yoursel£ 

648. Remark. — It is pretended that some compounds of this 
sort are not explosive, certain venders, or inventors, assuring the 
puUic, on their reputation for honesty, that their fluids can not 
be made to explode, and hence are perfectly safe. Now so far 
as this is true, the public ought certainly to thank such inven- 
tors, but it is believed that he who will make his own experi- 
ments on this subject, will find little or no diffierence in the ex- 
plosive disposition of these compounds. K they will bum, their 
vapors will explode when mixed with air. 

RESINS. 

649. The resins are peculiar substances which exude from 
certain trees, oi; plants, or are contained in their juices. They 
commonly contam a portion of the essential oil of the plant. 
They are solid at common temperatures, and, when rubbed, 
show signs of electrical excitement. Their colors are yellow, 
reddish, and white, and most of them are translucent, or 
transparent 

The resins are soluble in alcohol, ether, and the essential oils, 
but are precipitated by water, in which they are entirely in- 
soluble. They are dissolved, and at the same time decomposed, 
« . . . -^— ^.^-.^__^_______^_^______^ 

Wbat are the resins Y In what liquid are the resins sohible 1 
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by the salplmric acid, with evolution of sulphuric acid gas, and 
the deposition of charcoal. 

The principal resins are, common resin, gum copal, lac, mas- 
tic, elemi, and dragon's blood. Common resin, called rosin, is 
what remains after Uie distillation of spirit of turpentine. The 
turpentine itself is obtained by making incisions in the fir tree, 
from which it exudes. This consists of resin, and the oil of tur- 
pentine, which are separated by distillation. 

The uses of many of the resins are well known. Sealing- 
wax is made of lac, turpentine, and common resin. Copal and 
elemi, when, dissolved m spirit of turpentine, or alcohol, form 
varnishes. 



CHAPTER XXXIL 

PEBHENTAHQN. 



650. Fermentation consists in a spontaneous exercise of 
diemical affinity, in a vegetable substance, or solution, in con- 
sequence of which its properties are materially or totally 
changed. 

There are several kinds of fermentation, the names of which 
indicate the pruducts formed. These are, the saccharine^ the 
vinous, the acetic, and the putrefactive. 

The product of the first is sugar ; that of the second, vnne ; 
that of the third, vinegar ; while the fourth results in the totaJ 
decomposition of all vegetable matter, and the destruction <^ 
every usefiil product. 

651. Saccharine fermentation. — The eermination of 
seeds, and the malting of barley, are instances of the saccharine 
fermentation, the farinaceous being converted into saccharine 
matter, or sugar. 

652. Vinous fermentation. — ^This, by the generality of 
mankind, is considered the most important of all fermentations, 
since, from the days of Noah and Alexander, to the present time, 
ita' product has been employed, either to heighten the pleasures, 
or as an antidote to the cares of this poor life. 

Whf arc the reaina precipitated by water 1 What arc the namea of tht principal 
reaiiM I In what manner ia common reain, or roain, obtained 1 What are the uaea 
of aome of Uie principal reaina 1 What ig fermenution 1 What are the different 
kinda of fermentation 1 What la tba prodtact of the aacebarine fermentatioa 1 What 
la tht product of the tUioiu 1 
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Wine, as well as other intoxicating liquors, are prodnced 
only by the vinous fermentation ; a process by which alcohol is 
formed. There are four conditions necessary to the success of 
tliis process. These are, the presence of water, sugar, and 
yeast, in mixture, and a temperature between 60 and 70 de- 
grees. Or, instead of yeast and sugar, saccharine matter, and 
starch, or the sweet juices of fruits. These conditions, being 
united, there succeeds a brisk intestine motion, attended with 
the escape of carbonic acid gas in abundance, and at the same 
time the transparency of the fluid is diminished by the rising 
of opaque filaments, the whole being attended withran elevation 
of tcnnperature. When these phenomena cease, the liquor is 
found to have lost its sweet, mucilaginous taste, and to have ac- 
quired some degree of acidity, with a brisk, penetrating flavor, 
and the power of producing intoxication. 

653. Chemical changes ik fermentation. — ^In respect to 
the chemical changes which take place during this process, it 
is found that after me fermentation, the sugar has entirely dis- 
appeared, and that it is replaced by a q lantity of alcohol, none 
of which existed in the liquid before the process. Hence, sugar 
is converted into alcohol by the vinous fermentation. But the 
weight of the alcohol is never equal to the weight of sugar em- 
ployed, by nearly one-half. This loss is accounted for by the 
escape of the carbon and oxygen of the sugar, in the form of 
carbonic acid. When the process is conducted in such a man- 
ner that the quantity of carbonic acid can be retained and 
weighed, it is found to correspond precisely with the loss of the 
alcohol ; that is, the combined weight of the acid and alcohol 
are equal to that of the sugar. This may be made apparent 
thus : Sugar and alcohol are composed of 

Sugar. Alcohol. 

3 eq. of carbon, 18 2 eq. carbon, 12 
3 " " hydrogen, 3 3" hydrogen, 3 
3 " " oxygen, 24 1 " oxygen, 8 

45 23 

This shows a loss of one proportion of carbon and two pro- 
portions of oxygen from the sugar, the "alcohol containing only 
two parts of carbon and one of oxygen, while the sugar con- 

V^at is the product of the acetic 1 What are the results of the putrefactiTe fer- 
meuration ? what chant^ps do needs and barley undergo by germination and nuAU 
iii2f ? What are the four coiuJirioius necessary to induce the vinous fermentatiou T 
What gas escapeg durinjf this li rrn^-iitatioii ? 
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tained three of carbon and three of oxygen, the proportion of 
hydrogen bemg the same in both. The difference between the 
number for sugar and that for alcohol is, therefore, 22. Now, 
we have seen Qiat carbonic acid is composed of one proportion, 
or atom, of carbon, 6, and two proportions, or atoms, of oxygen, 
16, and these two numbers make the precise quantity of car- 
bon and oxygen lost by the sugar, and which is not contained 
in the alcohol. Therefore, 45 parts of sugar produce, by fer- 
mentation, 23 parts of alcohol, which is found in the fermented 
liquor, and 22 parts of carbonic acid gas, which escape. 

This inveatigation, while it affords a beautiful illustration of 
the doctrine of definite proportions, demonstrates that nothing 
is lost by a new arrangement, or interchange of elements. 

It is believed, that tiie vinous fermentation never takes place 
without the presence of sugar, the elements of this ingredient, 
as shown above, furnishing by decomposition those of the alco- 
hoL In cases where substances which contain no sugar are 
known to produce alcohol without the addition of this ingre- 
dient, the process is explained by the supposition that the starch * 
which these substances contain, is converted into sugar by the 
saccharine fermentation. It is well known that potatoes, which 
contain littie or no sugar, yield a large quantity of alcohol by 
fermentation. But potatoes contain a large proportion of starch, 
which entirely disappears during the process, being first con- 
verted into sugar, and then into alcohol. 

ALCOUOL. 

654. When a liquor which has passed through the vinous 
fermentation is distilled, there rises from it a fluid, having much 
more highly intoxicating powers than the fermented liquor 
from which it is obtained. This liquor has a sharp, penetrating 
taste, and retains the flavor and odor of the fermented liquor 
from which it is distilled. The fluid so obtained is alcohol 
mixed with water, and containing a portion of the essential oil 
peculiar to the vegetable which formed the fermentative solu- 
tion, and which gives it a flavor. Thus, brandy ^ rum^ and 
whiskey^ have each a flavor of their own, which arises from this 
circuuistance. These are called spirituous liquors. 

What berome* of itie su^^ar during the vinoiu fermentation 7 la the weight of alco- 
hol fortnnl, efiual tu the weight of augaremployed 7 What becomea of the deficiency 1 
What ia the comiKwitloii ori*tigitr 1 Wiiat ia thavompoaition of alcohol 1 How does 
It appear that the loat from the augar eacauea in the form of carbonic acid 1 Doat 
the vinoiia farmciitaiion ever taka piaca without tha preaenca of augar 1 
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When a spirituous liquor is distilled, the alcohol is obtained 
in a state of much greater purity, the oil which it contained 
and most of the water being left in the retort, or stilL In this 
state it is colorless, highly inflammable, produces cold by evap- 
oration, and occasions a considerable augmentation of tempera- 
ture by admixture with water. 

Common alcohol contains a portion of water, and has a spe- 
cific gravity of from 850 to 8*75, water being 1000. It may be 
further purified, or freed from water, by adding to it wann car- 
bonate of potash, or muriate of lime, which combines with the 
water, and sinks to the bottom of the vessel, aftor which the 
alcohol may be poured off. Very pure alcohol may also be 
procured, by puttmg it into a bladder, which being suspended 
in a warm place, the water will slowly pass throu^ the coats, 
while the pure alcohol is retained. The strongest alcohol 
which can be procured by either of these methods, has a specific 
gravity of 800, or 796, at the temperature of 60 degrees. 

Pure alcohol has never been frozen, though exposed to the 
lowest temperature which art has ever produced. It is a pow- 
erful solvent, being capable of dissolving camphor, resins, soap, 
volatile oils, sugar, balsam, &;o. 

Pure alcohol has precisely the same properties from whatever 
substances it is obtained. 

WINE. 

655. Wine, properly so called, is exclusively derived from 
the fermented juice of the grape. The principal substances in 
this juice, are sugar, gum, gluten, and hitartrate of potash. 

This liquid readily passes through the vinous fermentation, 
without any addition, or spontaneously, at temperatures be- 
tween 60 and 80 degrees. After fermentation, the specific 
gravity of the liquid is diminished, its flavor is entirely changed, 
and it is found to contain exciting or intoxicating qualities, from 
the formation of alcohol, of which, before this process, it con- 
tained not the slightest trace. Alcohol is, therefore, the pro- 
duct, or creation, of the vinous fermentation. 

,^ question naturally suggests itself here, says Prof. Brande, 
why the juic^. of the grape does not ferment in the fruit itself? 

How is the process explained in cases where alcohol is formed by substancet 
containing no sugar, as in potatoes 1 How are spirituous liquors obtainedl What 
gives the peculiar flavor to distilled liouors. as brandy, rum, and whiskey 1 How 
18 alcohol obtained? Do spirituous liquors yield pure alcohol on distillationi 
What is the specific gravity of common alcohol 1 How may pure alcohol be ob- 
tained? What is the specific gravity of the purest alcohol 1 What is said of th« frees* 
ing of pure alcohol 1 what is said of the solvent powers of alcohol 1 
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We know tiiat ripe grapes, even when cut from the vine, exhibit 
no such tendency; they dry up, and shrvel, becoming raisins, 
but never fermenting, so long as the skin i entire. It was once 
supposed that this arose from the gluten, or ferment being in 
distinct vesicles, or cells, from those containing the saccharine 
juices^ and that consequently fermentatioi ■ could not ensue, till 
the fruit was mashed or broken, so as to nix these ingredients. 
But Gay Lussac found that when grapes were bruised, and 
carefully excluded from the air, no change ensued ; but that 
even a momentary exposure of the pulp tc the air, or oxygen 
gas, was enough to communicate to it the power of fermenta- 
tion. This seems to arise from some recondite action of oxy- 
gen on the glutinous principle of the grape, by absorbing which, 
it acquires Uie properties belonging to yeast. It is curious how 
perfectly the exclusion of air is provided for by the natural tex- 
ture of the grape skin, which does not allow its ingress in the 
smallest degree, though it admits of the transpiration of the 
aqueous vapor, as is shown by the desiccation of the fruit. 

It is well known that there is a great variety of wines, which 
differ from each other in color, flavor, and strength, as well as in 
price. These differences depend on various circumstances, as 
purity, scarcity, feme, and real qualities, for in the latter re- 
spect there are certainly great and material differences. Some 
wines will not keep through the hot season, or in a hot climate, 
without such an addition of brandy as to injure, or spoil the 
original flavor and purity of the liquor ; otners have a fine 
flavor, and have naturally suflicient alcohol to preserve them in 
any, or all parts of the world. 

ALCOHOL IN WIlTBfl. 

656. All wines contain more or less alcohol, which, as above 
stated, is the product of the vinous fermentation. It was for- 
merly denied, however, that the alcohol pre-existed in the wine, 
but that it was the product of distillation. Its elements, it 
was urged, did exist in the wine, but that they were brought 
togetiier to form tlie alcohol by the heat of distillation, and then 
raised and separated from the wine by a continuance of the pro- 
ccKs. The inference of this belief has been, that he who drank 
wine, did not of course take any portion of alcohol, this depend- 
ing on the fact, whether any had l^een added to the wine. But 
that wine, and in truth, all fermented liquors contain alcohol, 
and that this is thu ]>ruduct of fermentation, is shown by tho 
feet, that tlie juice of tlie grape, or other fermentative liquorSi 
3.) 
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contains no alcohol nntil after having passed trough that pro- 
cess, and that after this, alcohol can be separated from it with- 
out distillation, or the use of heat in any way. 

METHOD OF OBTAINIIfG ALCOHOL WITHOUT DISTILLATIOir. 

667. For this purpose, either wine, cider, or beer, may be so- 
licted, the experimenter being satisfieid, that no alcohol has been 
added to the liquor, to be used in the experiment 

A glass tube, say half an inch in diameter, and two feet long, 
being procured, fill it about half full of the liquor to be tried. 
Then drop into the liquor pieces of carbonate of potash, which 
has previously been well di-ied by heat. Continue this until all 
the water has been taken up and incorporated with the alkali, 
when the alcohol will gradually rise to the upper portion of the 
tube, and stand in a distinct stratum on the other contents. 
By graduating the tube into 100 equal parts, by pasting on its 
outside a strip of paper thus divided, the percentage of the 
alcohol in different kinds of wine may at once be determined. 
It is difficult, however, if not impossible, to extract all the alco- 
hol by this method, since the quantity of alkali necessary to ab- 
sorb all the water, tends to thicken tlie liquid, and thus prevent 
some of the particles of alcohol from rising through it. While 
therefore, this method serves to show beyond all doubt, that the 
alcohol exists in the wine before distillation ; yet when the ex- 
perimenter designs to obtain the whole quantity of alcohol in 
any liquid, the only sure method is, after saturating the wine, 
or other beverage, with lime, or potash, to use a gentle heat ; 
and a long necked glass retort, reaching a good distance into 
the receiver, is the be«t apparatus. 

PROrORTIONB OF ALCOHOL IN DIFFERENT WINE8. 

658. The following table, from Brande's Manual of Chemis- 
try, exhibits the proportion of alcohol, specific quantity of 0.825, 
at 60 degrees, by measure, existing in 100 parts of the several 
kinds of wine and other liquors. 

PBR GENT. OP ALCOHOL BT KBA8T7RB. 



1- I^ssa, 26.47 

" 24.35 

Average, . . . 25.41 



2. Raisin wine, .... 26.40 
" " . . . . 25.77 



Raisiu wine, .... 23.20 

Average, . . . 25.12 

3. Marsala, 26.03 

• • • . . diOMv 

Average, . . . 25.09 



ALOOHOI*. 
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4. Port, 



U 
tt 
U 
U 



Arenige, 
5. Biade^in, . . 

(Sercial,: 
Average, 



a 
u 



6. Cnrrant wine, 

7. Sherry, . . 



(C 

u 



Average, 



8. Tenerifib, . • 

9. Colares, . . 

10. Lachryma Chrittia, 

11. CoDstantia, white. 

12. ** red, 

13. Liabon, . . 

14. Malaga, . . 

15. Booellaii, . . 

16. Red iMadeim, 

u u 

Average, 

17. CapeMnachat, 

18. Ca|>o Madeira, 



u 
u 



u 



Average, 

19. Grape wine, . 
2U. Caloavella, 

Average, 

21. Vidonia, . . 

22. AlbaHora, . 
2^{. Malaga, . . 

24. Whitu IlLTinitagc 

25. ll4>UHiUfin, . . 



u 



Average, 



25.83 
24.29 
23.71 
23.39 
22.30 
21.40 
19.00 
22.96 

24.42 
23.93 
21.40 
19.24 
22.27 

20.55 
19.81 
19.83 
28.79 
18.25 
19.17 

19.79 
19.75 
19.70 
19.75 
18.92 
18.94 
18.94 
18.49 
22.30 
18.40 
20.35 

18.25 
22.94 
20.50 
18.11 
20.51 

18.11 
19.20 
18.10 
18.05 

19.25 
17.26 
17.26 
17.4:} 
19.410 
17.:26 
18.13 



26. 



Claret, 






Average, 



27. 
28. 
29. 
30. 
31. 
32. 
33. 



Zante, . . . 
Malmsay Madeira, 

Lunel, . . . 

Sheraaz, . . 

Syracuse, . • 

Santerne, . . 
Burgan^y, 






Average, 



34. Hock, 



t( 



^' (old in casks,) 
Average, 



35. 
36. 
37. 
38. 



Nice, . . . 

Barsao, . . . 

Tent, . . . 

Champagne, (still,) 

(sparkling, 
(red,) 



(4 



U 



39. 

40. 



Average, . 

Red Hermitage, . 
Yin de Grave, . 



Average, 



17.11 
16.32 
14.08 
12.91 
15.10 



17.05 
16.40 
15.52 
15.52 
15.28 
14:22 
16.60 
15.22 
14.53 
11.95 
14.57 



14.37 
13.00 

8.88 
12.08 



41. 
42. 
43. 
44. 
45. 
46. 
47. 

48 
49. 
50. 



Frontlgnac, (Rivesalte,) 
Cote liotie, . . . 
Gooseberry wine, . 
Orange wine, . . 

Tokay, 

Elder wine, . . . 
Cider, (highest average 

" (lowest,) . . 
Perry, (average,) 

Mood, 

Ale, (Burton,) . . 

»* (J^Miuburgh,) . 

** (lJorch**tcr,) . 
Average, 



) 



14.63 
13.86 
13.30 
13.80 
12.80 
12.56 
11.37 
12.61 

12.32 
13.94 
12.80 
13.37 

12.79 

12.32 

11.84 

11.26 

9.88 

8.09 

9.87 

5.21 

7.26 

7..32 

8.88 

020 

5.56 

6.87 
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51. Brown stout, .... 6.80 

52. London Porter, (average,) 4.20 

53. " (Small Beer,) . 1.28 

54. Brandy, 53.39 



55. Rom, 53.6S 

56. Gin, 57.60 

57. Scotch Whiskey, . . 54.3? 

58. Irish " . . 53.9( 



" The wines," says Professor Brande, " employed in the ex- 
periments upon which the preceding table is founded, were se- 
lected with all possible caution as to purity and quality; a 
given measure of each, (saturated, when necessary, with lime, 
or potassa,) was carefully distilled nearly to dryness, and the 
bulk of the distilled product was exactly made equal to that of 
the original wine, by the addition of distilled water. After 24 
hours, its specific gravity was determined, and thence the quan- 
tity of alcohol, by reference to Gilpin's Tables, "" 

ETHER. 

659. The name ether was originally applied to a highly 
fragrant and volatile liquid, obtained by the distillation of alco- 
hol with sulphuric acid. But it has been found that the same 
substance, when distilled with other acids, affords a liquid pos- 
sessing in some respects similar properties, and therefore these 
compounds are now distinguished by prefixing the name of the 
acid employed. 

6G0. Sulphuric ether. — ^To make sulphuric ether, pour 
into a tubulated retort a certain quantity of alcohol by weight, 
and add, in small portions at a time, the same weight of strong 
sulphuric acid, allowing the mixture to cool after each addition. 
Then connect the retort with a receiver, and, by means of a 
lamp, make the mixture boil. The receiver must be kept cold 
by the application of ice, or wet cloths. The ether will pass 
over and be condensed in the receiver. The ether thus obtained, 
contains a portion of alcohol, and commonly a little sulphuric 
acid, from which it is purified by agitation with potash, and re- 
distillation. 

In respect to the chemical changes which take place between 
the alcohol and acid, to form the new product ether, it is found, 
on analysis, that the latter substance is composed of two propor- 
tions of olefiant gas, and one proportion of water. The number 
for olefiant gas being 14, and that for water being 9, the equiva- 
lent number for ether is 37. 

Now, olefiant gas consists of 2 atoms of carbon, 12, and 2 

. _ Jf- 



How is ether obtained "i What is the process of obtaining sulphuric ether 1 What 
is the composition of sulphuric ether ? 
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atoms of hydrogen, 2 = 14, to which 1 atom of water, 9, being 
added, makes the composition of ether. 

Alcohol is composed of, or contains the elements of, 1 atom 
of olefiant gas, and 1 atom of water, and therefore alcohol con- 
tains double the proportion of water that ether does. Now, if 
1 proportion, or atom of water, be abstracted from two of alco- 
hol, the exact proportions constituting ether will remain. Thus, 
the number for alcohol being 23, double this number is 46, 
from which one atom of water, 9, being taken, there remains 
37, the number representing ether. It will be seen, on com- 
paring these several numbers, that they exactly correspond with 
the constituents above named, and it is supposed that this is the 
precise mode in which sulphuric acid operates to convert alcohol 
into ether. In consequence of the affinity of sulphuric acid for 
water, it abstracts one atom of that fluid from the alcohol, and 
thus the elements of ether remain. 

Sulphuric ether is a light, odorous, transparent fluid, of a hot 
and pungent taste. Its specific gravity, when most pure, is 
about 700, water being 1000 ; but that of the shops is 740, or 
750, owing to the presence of alcohol. When exposed to the 
open air, it evaporates with great rapidity, and occasions an in- 
tense degree of cold. This is in consequence of the principle 
already explained, that when a substance passes from a denser 
to a rarer state, caloric is absorbed. 

Ether is exceedingly combustible, and bums with a blue 
flame, the product of its combustion being water and carbonic 
acid. 

Ether is employed as a medicine in nervous fevers, and as a 
solvent in the arts. When pure, or when that of the shops is 
agitated with water, and, after standing awhile, is poured off, 
it is a solvent of India rubber, one of the most insoluble of 
vcgc'table products. 

661. Nitrous ether is prepared by distilling alcohol with 
nitric acid, in a manner similar to that described for sulphuric 
ether, to which its leading properties are similar. It is, how- 
ever, still more volatile, and is subject to decomposition by 
k'H'ping. 

Rxplnin the JiflTrrence between alcohol and ettier, and describe the change by 
which ihf former Is converted into the latter. What ia the apecific nraTitv of ether 
wh»-n moM pure 1 How doea ether occaaion an intenae degree of cold? why doea 
Ihr r\Mportfii(in of (•ili«'r orcii8ioii roUl / What are the uaes of aulphuric ether) 
Huw IN uitruua ether procured / Huw dora the nitroua differ from the sulphurto 
ether ? 

33* 
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CHAPTER XXXIII. 

VEGETABLE ALKALOim 

662. The vegetable alkalies, as they were formerly called, ap 
potash and soda, are obtained by the destruction and incinera- 
tion of the vegetables in which they exist. The bases of these, 
as we have seen, are metals, and have already been described 
by the names of potassium and sodium. The alkaloids, on the 
contrary, are obtained, not by use of fire, but by maceration in 
pure water. 

The following is an outhne of the method by which they are 
obtained. In the first place, the substance containing the alka- 
loid is digested in a large quantity of water, the purer the better, 
which dissolves the salt, the base of which is the alkali. On 
adding some salifiable base, such as potash, or ammonia, which 
has a strong afiSnity for the acid of the vegetable salt, in the 
watery solution, this salt is decomposed, its acid combining with 
the potash, or ammonia, and thus leaving the vegetable alkali 
in the solution. This alkali being insoluble in water, while the 
new salt formed by the acid of the vegetable, with the potash, 
or ammonia added, is soluble, the former is obtained by filtering 
the whole, by which the alkaloid is detained, while the water 
containing the solytion of salts passes the filter. 

The alkaloids are all composed of carbon, hydrogen, oxygen, 
and nitrogen, as ultimate principles ; but in the state above de- 
scribed, they contain several impurities, such as oleaginous, 
resinous, or coloring matter, with which they are combined in 
the plant To purify them from these, they are mixed with a 
little animal charcoal, which deprives them of color, and then 
dissolved in boiling alcohol, in which all the alkaloids are readily 
soluble. This solution is filtered while hot, and yields the pure 
alkaloid, in the solid form of fine crystals, either on cooling, or 
by evaporation. 

The following list contains the principal alkaloids, together 
with the plants from which they are obtained. Their exact 
compositions we have not thought necessary to detail^ their ul- 
timate principles being, as stated above, various proportions of 

How do the oxides of potassium and sodium differ from the vegetable alkaloidsl 
IIuw are the vegetable alkaloids obtained i Give aa outline of the process by which 
these substances are procured. 
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osn^gm^ hydtoffm, carbon^ and nikvgen. The properties of tlie 
most important of these will be described. 

TABUE OF THE AUCALOIDS, WITH THE VEGETABLES FROM WHICH THET 

ARE OBTAINED. 

▲Ikaloidfc Plant.. 

Aoonita, Aeonitum napellus. 

Aricina, . * A bark from Africa. 

Atoopia, Atropa belladonna. 

Bmoia, StrychnoB nux vomica. 

Cinchoiiia, Cinchona lancifolia. 

Codeia, Opium. 

Conia, • Conimn maculatum. 

Corydalia, Corydalis tubcrosa. 

Cynapta, JSthosa cynapium. 

I^atora, . . « Datura stramonium. 

Delphia, Delphinium staphisagria. 

Dig^talia, Digitalis purpurea. 

£metia, Cephaelis ipecacuanha. 

Hyoscyamia, Hyoscyamus niger. 

Meoonia, Opium. 

Morphia, Opium. 

Narootiiia, Opium. 

Kiootina, Nicotiana tobacmn. 

Flcrotozia, Menispermum cocoulus. 

Quinia, Cinchona cordifolia. 

Sangninaria, Sanguiimria canadensia. 

Solimia, Solsmum nigrum. 

Naroeia, Opium. 

Thebaia, Opium. 

Veratria, Veratrum sabadilla. 

MORFHIA. 

663. This alkaloid is tlie medicinal agent in opium, in which 
it cidsts with meconic and sulphuric acids, and also with narco- 
tina, codeia, narceia, meconin, coloring matter, a fixed oil, and 
a little caoutchouc, or India rubber. In its pure state, morphia 
exists in the form of brilliant prismatic crystals, which are trans- 

Earent and colorless. It is insoluble in cold, and nearly so in 
ot water ; but in strong alcohol, especially when hot, it dis- 
solves freely, and without difficulty. 

Morphia is the narcotic principle in opium, but in the soUd 
state, when pure, it appears, owing to its insolubility in water, 

Wtimt are the mont important vegetable alkaloids') What la morphia 1 What ar« 
the iiiKrMJieniH In opium biHiil«ti morphia 1 In wlint state does morphia exist Id th« 
opium I What is tht: procPHM lor ohiuiiiiiiir morphia Y What Is the use of the ma^- 
iMsta in thiit prorcsa r What ar** tlie iMilvt- fitu of morphia 1 In what state Is morphia 
uar^ in medicine 1 Why ia it iii»i umiI in its pure utate ) What advantafe has mor- 
fihia over opium as a metlictnu T 
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to have little effect on the system ; bnt, dissolved in alcohol, it 
acts with great energy. 

There are several salts of morphia, as the acetate^ hydrochlo- 
rate, and sulphate. The acetate, though till lately much em- 
ployed in medicine, is less convenient for that purpose than the 
tiydrochlorate, being variable in composition and strength. 



NAKCOTUIA. 



664. This is easily prepared by digesting the aqueous extract 
of opium in sulphuric ether, in which meconate of morphia and 
morphia are insoluble, but which takes up all the narcotina,, 
and deposits it in r^ular crystals by evaporation. The stimu- 
lating action of opium is, in part, ascribed to narcotina, and it is 
said that pure morphia acts more agreeably and safely than 
when narcotina is mixed with it ^ 



CINCHONIA. 



665. This is obtained from the bark of several species of cin- 
chonia, or Peruvian bark, by which name it is more commonly 
known. The process consists in taking up the soluble part of 
the bark with hot water, acidulated with hydrochloric acid. 
The solution, being concentrated by boiling, is then made alka- 
line by means of quicklime, when the cinchonia is precipitated, 
and is redtssolved in alcohol, and obtained by evaporation. 

Cinchonia, thus obtained, is in the form of small crystals, 
which are insoluble in cold water, but dissolves in 2500 times 
their weight of boiling water. 

With acids it forms several salts, among which is the sul- 
phate, composed of 1 eq. cinchonia, 156+1 eq. sulphuric 
acid, 40=196, eq. for sulphate cinchonia. It is employed in 
medicine. 

QumiA. 

666. Qutnia, or quinine, is also obtained from the bark of 
cinchonia, by a process similar to that described above. It is 
in the form of a white powder, hardly ever assuming the crys- 

How is narcotine obtained ? Is narcotine soluble in water 1 What are the solvents 
of narcotine 1 What effects of opium are imputed to narcotine 7 What is said of the 
efficacy of cinchonia and quinia in the cure offerers 1 What relation do cinchonia 
and quinia appear to bear to each other? In what species of bark do these alkalies 
exist ? By what process are these substances obtained ? What is the appearance of 
cinchonia 1 How do the alkaline properties of cinchonia appear? What salts does 
it form with acids? What is the appearance of quinia? What is the solvent of 
quinia ? In what form is quinia employed iu medicine? What is the appearance 
of sulphate of quinia, and what its composition ? 
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talline form, thoagfa verging toward it when obtained by moans 
of boiling alcohol. It is extensively employed in the practice of 
medicine, being a decided febrifuge, especially in cases of fever 
and ague. 

The most important salt of quinia is the sulphate, which is 
very largely manufactured for medicinal purposes, and from ita 
commercial value is often largely adulterated. 

Sulphate of quinia is composed of 2 eq. quinia, 328+1 eq. 
sulphuric acid, 40=368. 

8TRTCHNIA. 

667. This alkaloid is extracted from the atrychnos nux vomica^ 
a kind of nut, well known to apothecaries as a poison. It is 
prepared by treating powdered nux vomica with cold water, and 
afterward evaporating to the consistence of a syrup ; alcohol is 
then added, which takes up the strychnia, from which it is pre- 
cipitated by hme. 

The alkaloid, thus obtained, is in the foim of minute quadran- 
gular prisms. It is nearly insoluble in cold water, but still ex- 
cites an intolerable bitterness in the mouth. It is one of the 
most virulent poisons known, containing the essence of the dele- 
terious properties of the nux vomica. 

VERATRU. 

668. Veratria is obtained by a similar process to that above 
described for strychnia. It is contained in several plants of the 
hellebore tribe, known to botanists under the name of veratrunij 
one species of which is common in swampy places, well known 
by the appellation of itch-root. It acts with most disagreeable 
energy on the membrane of the nose, producing violent sneez- 
ing, though in very minute quantity. If taken, mtemally, it is 
a prompt and active poison. 

CMCTIA. 

660. Tliis is obtained from the root of ipecacuanha, by diges- 
tion in water, and the subsequent use of alcohol, as already de- 
scribed for the other alkaloids. It is a white, pulverulemt sub- 
stance, of a bitter, disagreeable taste, sparingly soluble in cold, 
but more freely in hot water. It is the cause of the emetic pro- 
perties in the ipecacuanha, of which it contains about 16 per 
cent. The other alkaloids are extracted from the several plants 
named at the bead of this article, by means similar to those 
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already described ; but most of them being ioert and uselefis, 
it IS hardly neoessaiy to go through thdr descriptions at this 
place. 



CHAPTER XXXIV. 



ANDiAI GEEIOSTRT. 



670. Ik relation to chemistry, the circumstances which dis- 
tinguish animal from vegetable substances are, the large quan- 
tity of nitrogen which the former always contain, their strong 
tendency to putrefaction, and the offensiye products which they 
exhale during decomposition. 

Animal substances are essentially composed of carbon, hy- 
drogen, oxygen, and nitrogen ; and in addition to these, they 
sometimes contain sulphur, phosphorus, iron, and small quanti- 
ties of saline matter. 

671. Fibrin. — The lean parts of animals consist chiefly of 
fibrin. This may be separated and observed in its pure state, 
by removing the soluble parts of lean beef, cut into small pieces, 
by repeated washing, and digestion in cold water. 

Fibrin thus obtained, is nearly white, and is insipid and in- 
odorous. It readily passes into the putrefactive fermentation, 
but in thin pieces, suspended in a dry place, its fluid parts 
evaporate, and it becomes hard, brittle, and translucent. 

Alcohol converts fibrin into a fatty substance, which is soluble 
in the same fluid, and in ether, but is precipitated by the ad- 
dition of water. This substance is decomposed by all the strong 
acids, and is dissolved by caustic potash. 

Fibrin is composed of 18 parts of carbon, 14 of hydrogen, 5 
of oxygen, and 3 of nitrogen. 

672. Albumen. — Albumen enters largely into the composi- 
tion of animals. Their solid, as well as fluid parts, contain it 
in greater or less proportion. Liquid albumen is nearly pure 
in the whites of eggs. Its appearance, and many of its proper- 
ties, in'this state, are well known. It is coagulated, and con- 



In relation to cbemistry, what are the circumstances which distineruisb animal 
from vegetable substances'} What is the essential pomposition of animalsubstancesl 
What is fibrin 7 How may fibrin be obtained ? What are the properties of fibrin 1 
What is the composition of fibrin 1 Where is albumen found nearly in a pure state t 
By what agents is albumen coagulated ? Bv what property is albumen distinguished 
from all other animal fluids ? How does albumen clarify liquids 7 
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Tdrted into a soft solid, by beat, by alcobol, and by tbe stronger 
acids. The character of being coagulated by heat, distinguishes 
albumen from all other animal fluids. It is completely soluble 
in cold water, and it is said that when this fluid contains only 
-itSnr parth of albumen, it becomes opalescent by boiling. On 
this property is founded the clarifying effects of albumen. As 
it coagulates, by the heat of the water, it entangles any in- 
soluble particles the fluid contains, and rises with them to the 
sur&ce. 

673. Gelatine. — ^This substance forms a proportion of all 
the solid parts of animals, and is particularly abundant in the 
skin, tendons, membranes, and bones. It is soluble in boiling 
■water, and forms a bulky, semi-transparent, tremulous mass 
when cold. By evaporation, it becomes a solid, brittle, hard, 
and semi-transparent substance, known in commerce and the 
arts, under the name of glue. This is chiefly prepared from the 
cuttings of skins, and the ears and hoofe of animals. Isinglass^ 
which is the purest variety of gelatine, is prepared from certain 
parts of fish, and especially the sturgeon. The gelatine called 
calveiP foot jelly is prepared by boiling the feet of that animal 
in water. 

Gelatine is precipitated by tannin. This is so delicate a test 
for gelatine, that it is said, an infusion of nut-galls, which con- 
tains a large quantity of tannin, will show the presence of gela- 
tine when mixed wiUi 5000 times its weight of water. 

The three ingredients,, fibrin, albumen, and gelatine, form ihe 
most bulky parts of all animals, that is, the flesh, tendons, car- 
tilages, and skin. 

OLEAGINOUS SUBSTANCES. 

674. The/a< of animals is very analogous, in its composition 
and proportions, to the fixed, vegetable oils, its ultimate princi- 
ples being carbon, hydrogen, and nitrogen. 

There is a considerable variety in the appearance and quali- 
ti»4 of the fatty principle contained in different animals. The 
tiolid fat of land animals is called tallow^ while the correspond- 
ing substances from fish, which is fluid at common temperatures, 
IB called oil. 

All these substances agree very nearly in respect to composi- 

In whftt parts of animals is ffelatine oiost abundant 1 Under what name is dry 
telstine known) What is istnglstsl Bjr what substance is gelatine precipitated 
from iu solution 1 What pans of animals are formed by fibrin, albamen, and fela- 
line 1 What are the ultimate princlplM of auiSMU lats 1 What differvncs is tbcrs b«* 
,we«n animal fats and animal oils 1 
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tion, the principal differenco being in respect to form and ap- 
pearance. Their uses, for making soap, giving light, &c^ are 
well known. 

BXiOOD. 

675. The blood of animals obviously consists of two parts, 
called serum and crassamentum. In healthy blood, these two 
parts separate spontaneously on standing. The crassamentum 
coagulates, and forms a red, solid mass, while the serum sur- 
rounds it, in the form of a yellowish fluid. 

676. Serum. — The serum contains a small quantity of soda 
in a ft'ee state, and is 29 parts in 1000 heavier than water. It 
consists, in part, of albumen, and is coagulated by heat, acids, 
and alcohol. The crassamentum consists of two parts, the fibrin 
and the coloring matter. The fibrin does not differ, except in 
form, from that obtained from lean flesh, which has already 
been described. 

The coloring matter of the blood consists of distinct particles, 
which in birds and cold-blooded animals, are elliptical in form, 
but in man, and other mammiferous animals, they are globular. 
These facts have been ascertained by means of the microseope. 
The globules are insoluble in the serum, but their color is dis- 
solved by water, acids, and alcohol. 

677. Crassamentum. — It has been supposed that the crassa- 
mentum contained a portion of iron, but recent analysis has 
shown that this metal does not belong to the crassamentum as 
a whole, but only to the coloring matter ; for, when the fibrin 
is carefully separated from the coloring principle, it does not 
contain a trace of iron, while iron is always found in the red 
globules. 

From the presence of iron in the globules, and its total ab- 
sence in the other parts of the blood, it is inferred that the red 
color of the globules depend on the presence of this metal, 
though its quantity is found to bo only half a grain to a hun- 
dred grains of the globules. 

It is found that during the coagulation of blood, heat w 
evolved, and consequently its temperature is raised. This is 
owing to its passage from a rarer to a denser state, in conse- 
quence of which its capacity for caloric is diminished. We have 
had frequent occasions to refer to this principle. The increase 

In blood, what is the serum and what the crassamentum 7 What is serum com« 
posed of 7 What does crassamentum consist of? What does the coloring matter of 
blood consist of? On what metal does the coloring; matter depend I What propor- 
tion of iron is contained in the red globules of the blood 1 
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of tempe^ture from this cause is, however, very slight, perhaps 
not more than two or three degrees ; but its cooling is consider- 
ably retarded by the caloric thus evolved. 

678. Causes of coagulation. — ^The blood presents several 
phenomena, which neither the principles of chemistry nor physi- 
ology have been able to explain, llie cause of its coagulation, 
for instance, has never been satis&ctorily accounted for. It 
does not arise from want of heat or motion, for if blood be drawn 
when the temperature of the air is equal to that of the animal 
from which it is taken, and then kept constantly in motion, its 
coagulation is not prevented, or even retarded. Indeed, neither 
moderate heat, nor cold, a vacuum, nor pressure, nor even dilu- 
tion with water, seem to have any influence on the coagulation 
of the blood. On the contrary, its coagulation is prevented by 
certain causes, the effects of which could not be supposed to in- 
fluence this circumstance. Thus, the blood of persons who 
have been destroyed by some kinds of poison, and by mental 
emotions, has been found uncoagulated, and in a fluid state. 
IIow causes so unlike should produce the same efiects, or 
why either of them should aflfect the blood at all, are equally 
unknown. * 

RESPIRATION. 

679. Respiration is the act of breathing, and consists in the 
alternate drawing into, and throwing out of the lungs, a quan- 
tity of atmospheric air. And it appears that this process, 
or an equivalent one, is necessary to support the lives of all 
animals. 

The atmosphere, as formerly shown, is composed of 80 parts 
of nitrogen, and 20 parts of oxygen, and it is found by experi- 
ment^ that no other gaseous compound can be substituted for 
respiration, nor can these proportions be varied without injury 
to its qualities. 

Tlie immediate effect of respiration is, to produce a change in 
the color of the blood as it passes through tlie lungs, thus in- 
dicating that it suffers some change in its properties at the same 
time. 
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The necessity of respiration to all warm-blooded animals re- 
quires no proof; and the necessity that the blood should be 
brought into contact with the air inspired, is equally obvious 
from tlie organization of their lungs. 

Such animals are provided with two kinds, or classes of 
blood-vessels, called veins and arteries. 

The arteries, particularly the large ones, are deeply seated 
within the animal, and convey the blood to all parts of the living 
system. The veins, on the contrary, especially the small ones, 
are situated near the sur&u^e, and are destined to convey the 
blood back to the heart, which had been thrown out by the 
arteries. 

But besides these two great systems of blood-vessels, there is 
another system called the pulmonary^ which is destined ex- 
pressly to convey the blood to the lungs, where it undergoes 
the change above mentioned, and then back again to the heart 

cniCULATION OF THE BLOOD. 

680. The entire circulation veill now be readily understood. 
The blood being thrown to all parts of the b^dy, is returned to 
the right side of the heart by the great system of veins. From 
the right side of the heart it is sent to the lungs, by the pul- 
monary artery, and being there changed into arterial blood, is 
returned by the pulmonary veins to the left side of the heart. 
From the left; side of the heart, it is thrown to all parts of the 
body by the great system of arteries, to be returned to the right 
side by the veins, as before. 

When venous blood, fresh drawn, is suffered to stand a few 
minutes in a confined portion of atmospheric air, it is found that 
the air loses a part of its oxygen, which is replaced by the same 
volume of carbonic acid gas, and at the same time the color of 
the blood, from being of a dark purple, becomes florid red. 
This is the same change of color which the blood undergoes in 
its passages through the lungs. The cause of the change in the 
lungs might, therefore, be inferred to be the absorption of 
oxygen by the blood, and the subsequent emission of carbonic 
acid. 

That this change of color in venous blood, when out of the 

What are the two kinds of blood-vessels called 1 Where are the veins and arteries 
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Explain the entire circulation. From which side of the heart do the great arteries 
convey the blood to all parts of the body 1 How is the blood conveyed from the right 
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lungs, is owing to the contact of oxygen, is shown by the more 
immediate production of the same effect when oxygen is sub- 
stituted for atmospheric air, and also by the £Eict that no change 
of color is produced when the oxygen is entirely excluded. 
Hence, the inevitable conclusion, that fresh drawn venous blood 
emits a quantity of carbon in consequence of its coming in con- 
tact with oxygen, and that its change of color is caused by this 
emission. 

The same change thus proved to take place in the atmos- 
phere, is constantly going on in the lungs. The venous blood, 
which, as above explained, is sent to the lungs through the pul- 
monary artery, is charged with carbon, to which it owes its dark 
color. The oxygen of the atmosphere, by inspiration, fills all 
the air vessels of the lungs, and is thus brought nearly into con- 
tact with the blood, being separated from it only by the thin- 
nest meipbrane. 

It appears that through this meAbrane, the oxygen of the 
atmosphere is absorbed, and having combined with a portion 
of the carbon of the blood, it is again emitted iu the form of 
carbonic acid gas, and to this process is o^ing the change from 
venous to arterial blood. 

681. Oxygen converted into carbonic acid. — In proof 
of this, experiment shows that when any living animal is con- 
fined in a portion of air containing a known quantity of oxygen 
gas, the oxygen gradually disappears, and is replaced by the 
same quantity of carbonic acid. In ordinary respiration, the air 
from our lungs always contains a portion of carbonic acid. 
This is proved by merely blowing into a glass vessel containing 
a solution of lime in water, or what is commonly called lime- 
water^ when the clear water will instantly become turbid, be- 
cause the carbonic acid from the lungs unites with the lime of 
the water, and forms an insoluble carbonate. 

It does not appear that the oxygen is absorbed, and retained 
by the blood ; for the absolute quantity of air, though many 
times respired by a confined animal, remains the same. This 
also proves that the nitrogen of the atmosphere is not ab- 
sorbed. It is well known by experiment, that the conversion 
of oxvgen gas into carbonic acid, does not in tlie least change 
its volume, but only adds to its weight This accounts for the 

What ftTt-ctK do the contact of atmoapheric air and Ti»noiia blood produce oa 
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reason why the volume of air is not changed by respiration, or 
by conversion into carbonic add, provided no absorption takes 
place. 

682. Changs from venous to arterial blood. — ^Thus 
the change from venous to arterial blood, seems to be produced 
entirely by the loss of carbon, which the former suffers while 
passing through the lungs. 

It appears also-, from numerous experiments, that not only 
warm-blooded animals, but also fish, and cold-blooded reptiles 
of the lowest order, absolutely require the presence of oxygen 
in order to sustain life. Water, it has already been sts^ed, 
always contains a portion of this gas in a free state, and although 
the quantity is small, it is sufficient to sustain the lives of its in- 
habitants. That fishy frogs, and other animals of this kind, can 
not sustain life without oxygen gas, is proved by the fact, that 
they die in a short time, if the water in which they Bjre placed 
is covered with a film o#oil, so that no oxygen is admitted. 
Frogs, though capable of suspending .their respiration for a long 
time, die in less than an hour, if the small quantity of water in 
wliich they are confined is covered with oiL Aquatic insects 
and worms exhibit the same phenomena when treated in the 
same manner. In these cases, experiment has shown that oxy- 
gen is converted into carbonic acid, the effect being the same as 
that produced by the respiration of warm-blooded animals. 

Indeed, the experiments of Spallanxani prove that animals 
produce this change by the action of their ^in. Thus, serpents, 
lizards, and frogs, during their torpid state, and when their res- 
piration is suspended, still require small portions of oxygen, 
which they constantly convert into carbonic acid by means of 
their skin, and it is probable, that in this manner, the blood of 
'hese animals parts with a Uttle carbon. 



CHAPTER XXXV. 

AlOMAL HEAT. 



683. During combustion there is an absorption of oxygen, 
and a subsequent emission of carbonic acid gas, and in the act 

What change doe* the blood undergo in the hinffs 1 How is it proved that oxygen 
is convtTted into carbonic acid inlhelutigsl lUsw is if jirovtd tliat we emit car- 
bou.c acid at every expiration / 
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of respiration, oxygen disappears, and is replaced by the same 
add gas. Combustion and respiration are therefore supported 
by the same principle, and yield the same product 

This analogy led Dr. Black to conclude that the changes 
which take place on the air, and on the blood in the lungs, was 
the cause of animal temperature; and several circumstances, 
relative to the structure of animals, and the quantity of oxygen 
they consume by respiration, seem to show that the heat of 
their blood depends, in a measure at least, on the quantity of 
this prindple thus consumed. Animals having the power to 
maintain their temperatures above the media in which they live, 
are provided with capacious lungs, and consume large quantities 
of oxygen. Birds, the temperature of whose blood is higher 
than that of man and quadrupeds, have lungs still more capa- 
cious, according to their size, and consequently, most probably 
consume more vital air. On the contrary, fish, frogs, and other 
animals of this tribe, which consume only very minute portions 
of oxygen, do not sustain their temperature above the media in 
which they live. 

684. Temperature raised bt oxygen. — It appears also, 
that the temperature of animals, when made to respire pure 
oxygen gas, is raised above the natural standard, but when the 
quantity of this gas consumed is small, the temperature of the 
animal falls, and the circulatiop of the blood is sluggish and 
languid. 

From these considerations, it would appear that the heat of 
the animal is sustained by its respiration, and that its tempera- 
ture is proportionate, in some degree, to the quantity of oxygen 
it consumes, or converts into carbonic acid. 

Dr. Crawford, pursuing this idea, supposed that the carbonic 
acid discharged by the breath, being generated in the lungs, 
' and accompanied with the loss of oxygen, extricated heat during 
its formation, and that the temperature of the animal might 
thus be explained. But as the heat of the lungs was found to 
be no greater than that of other internal parts, there must be 
some mode of accounting for its distribution to other parts of 
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the system, otherwise this theory could not for a moment be 
supported. It is obvious that, in whatever manner this dis- 
tribution is efifected, the heat must be latent, or insensible ; for» 
supposing it to be in a free state, the lungs or part where it is 
generated, would still be at a higher temperature than the parts 
to which it is distributed. 

G85. Arterial blood has the greatest capacity for 
iiKAT. — Accordingly, on comparing the capacities of venous and 
arterial blood for heat. Dr. Crawford found, that arterial blood 
had the greatest capacity, and therefore, that at the same tem- 
}X}rature, it contained a quantity of latent heat, which the venous 
blood did not. He therefore supposed that this latent heat was 
conveyed by the arterial blood, to all parts of the system, and 
ns the arterial is gradually converted into venous blood, so the 
latent heat gradually became sensible, in all parts of the 
system, and that in this manner, animal temperature is 
maintained. 

This beautiful theory was supposed to be founded on the true 
})riiiciples of chemistry and physiology, and being so received, 
it accounts very satisfactorily for animal temperature. But Dr. 
Davy has since shown that the principal fact on which it is 
founded, the difference of the capacities of venous and arterial 
blood for heat, is not true, but that in this respect there is little 
or no difference between the two kinds of blood. 

If Dr. Davy has maintained the truth, it is obvious that Dr. 
Crawford's theory must fall to the ground. 

Although the facts stated above, in respect to the capacity of 
the lungs, in warm-blooded animals, and the quantity of oxy- 
gen which they consume, when compared with cold-blooded 
animals, would seem to show almost beyond a doubt, that 
animal temperature is connected with the quantity of oxygen 
consumed, and the changes which the blood undergoes in the . 
lungs ; still, some physiologists deny the agency of either of 
these causes in producing such effects, and ascribe the evolu- 
tion of animal heat entirely to the influence of the nervous 
system. 

The foundation of this doctrine is an experiment of Mr. 
Brodie, who found that on keeping up an artificial respiration in 

Does it appear that there is anv proportion between the heat of the animal and the 
quantity of oxygen it consumes by respiration ? How did Dr. Crawford explain the 
cause of animal temperature 1 Siip|:K)S!e arterial blood to have a greater capacity for 
heat than venous blood, on what circumstance could animal temperature be ex- 
plained? How did Dr. Davy show that Dr. Crawlord's theory was untenable 7 
What is the foundation of the theory that animal heat is evolved by the nervocui 
system ? 



ANIMAL H£AT. 403 

the luDgg of a decapitated animal, the color of the blood was 
changed from purple to red, and carbonic acid emitted as usual ; 
but that this animal grew cold more rapidly than another de- 
capitated animal of the same kind which lay untouched. It is 
obvious that this result would follow unless heat was evolved 
by the artificial respiration, because the air forced into the lungs 
would abstract the heat of the animal. 

086. " Were these experiments rigidly exact," says Dr. Tur- 
ner, " they would lead to the opinion that no caloric is evolved 
by the mere process of arterialization. This inference can not, 
however, be admitted, for two reasons: First, because other 
]>hysiologist8, in repeating the experiments of Brodie, have found 
that the process of cooling is retarded by artificial respiration ; 
and secondly, because it is diflScult to conceive why the forma- 
tion of carbonic acid, which uniformly gives rise to increase of 
temperature in other cases, should not be attended, within the 
animal body, with similar results. It may hence be inferred, 
that this is one of the sources of animal heat." 

In respect to the influence of the nervous system over the 
development of animal temperature, there is no doubt but con- 
siderable effects may be safely attributed to this cause. But in 
what manner the heat is evolved, is perhaps uncertain. 

687. The cause of animal heat not ascertained. — In 
conclusion we may remark, that the subject of animal tempera- 
ture has excited the attention, and has been made an object of 
exj»eriment and research among philosophers and physiologists 
ill all ages, and that many ingenious and some plausible the- 
ories have been invented and detailed, in order to give satis- 
factory explanation of its cause. The theory of Dr. Crawford, 
among these, was perhaps the most plausible, and certainly the 
most philosophical and beautifiil. But we have seen, that the 
leading facts on which it was founded, have been proved by his 
successors not to be true, and therefore the theory itself can not 
be maintained. That the oxygen of the atmosphere is one of 
the causes of animal heat can not be doubted, from the facts, 
Uiat no animal can live without it, and that the heat of 
animals is in some pro|K>rtioii to the quantity of this principle 
consumed. 

But as this principle can have no effect, except tlirough the 
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lungs, if it 18 admitted that heat is evolved by its action there, 
there is still much difficulty in explaining either why the lungs 
are not constantly at a higher temperature than the other parts 
of the system, or if they were, how the heat could be conveyed 
to the other parts, £rom its fountain. 

On the whole, it appears that the cause of animal heat is one 
of the arcana of nature, into which man has not yet been per- 
mitted to look, and therefore, we must be contented at present 
to attribute it to the vital principle, 

TEMPBRATURB OF THE BLOOD, AND NUHBER OF FULSATIONS AND RB8PIEA- 
TIONB IN DIFFERENT ANIMAI^, IN A MINUTE. 

^""K"**"^ PubaUoM. Rc^nntiom* 

In the pigeon, .... 107.6° 136 34 

Common fowl, . . . 106.7° 140 30 

Duck, 108.5° 170 21 

Raven, 108.5° 110 21 

Lark, 117.2° 200 22 

Monkey, 95.9° 90 30 

Guinea pig, .... 100.4° 140 36 

Dog, 99.3° 90 28 

Cat, 101.3° 100 24 

Goat, 102.5° 84 24 

Hare, 100.4° 120 36 

Horse, 98.2° 56 16 

Man, 98.6° 72 18 

The above, from Liebig's Chemistry, is supposed to represent 
the average temperature, and the number of pulsations and res- 
pirations of the animals named, while in health, and in as quiet 
a condition as possible. It will be observed that those animals 
which respire most frequently, and consequently consume most 
oxygen, have generally the highest temperatures. Thus, the 
birds have the most frequent respirations and pulsations, and 
also the greatest degrees of heat, while man and the horse have 
the smallest number of respirations, and a corresponding low 
temperature. 

CHLOROFORM. 

688. This is a substance administered by breathing, in the 
form of gas, for the purpose of depriving patients of feeling, who 

Has there been any theory proposed which accounts satisfactorily for the cause i^ 
animal heat? To what is it said must we at present attribute the cause of animal 
heat 1 What is said of the number of respirations, and the temperature of aniiiialsl 
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are to undergo surreal operations. It is called an ancesthentc 
agent, from the Greek ancestkesia, signifying, loss of the sense 
of touch. The person who first administered any agent, in the 
form of vapor, or gas, for this purpose, it is believed by many, 
was Dr. Horace Wells, of Hartford, Connecticut, in 1 844. 

The agent which Dr. Wells administered, appears to have 
l»een the nitrous oxide gas, the effects of which have already 
been described. Afterward, it appears that the vapor of sul- 
phuric ether was given by Dr. Morton, of Boston, Ifor the same 
purpose. On this subject, it is well known that there exists a 
controversy, the question being, whether Dr. Wells or Dr. Mor- 
ton first employed an anaesthetic agent for the purpose of de- 
priving patients of feeling during painful operations. Into this 
controversy, it is here neither our duty or purpose to enter, the 
subject only requiring that the above explanations should be 
made, that it might be properly understood. 

689. Manufacture of chloroform. — At present, neither 
the nitrous oxide, nor the vapor of ether, are in common use for 
the purpose in question, but, as stated above, an article called 
chloroform is administered, as a sense-destroying agent. This 
is made by chemists, and kept on hand as a medicine by all 
regular apothecaries, and is employed by many as a common 
remedy for pain, whether of body or mind. It should, however, 
be used witii caution, and only with the advice of a physician, 
who should always administer it with his own hands, since many 
instances of death have been the result of its improper use. 

One mode of preparing chloroform is as follows: Take 
chlorinate lime, (chloride of lime,) ten pounds ; water, three 
and a half gallons ; alcohol, two pints. First mix the Ume and 
water, and then with these mix the alcohol. This mixture is 
distilled in a copper vessel, into a refrigerator, with a heat not 
exceeding 176 degrees. The liquid so obtained is colorless and 
transparent, it is not inflammable; has an etherial odor, to 
many persons quite pleasant. 

690. How EMPLOYED. — ^When taken internally, in small 
doses, it acts as^a sedative and narcotic. In cases of gangrene 
and cancer, it h*as been applied externally to the diseased parts. 
But it is more generally employed by inhalation. For this 
]>urpose, a small quantity, as half an ounce, is poured on a 
cloth, and held to the nose. Its effects, when taken in this 
way, differ greatly on different persons ; but more commonly, 
they are, coma, relaxation of the muscles, slow respiration, up- 
turning of the eyes, and total insensibility. 



PART IV. 

. CHAPTER XXXVI. 

ANALTTICAI CHEMISTRY. 

691. To enter into a detailed account of experimental and 
analytical chemistrj-, is altogether inconsistent with the design 
and limits of the present work. My sole object in this depart- 
ment is to give a few concise directions for conducting some 
of tlie more common analytical processes; and in order to 
render them more generally useful, I shall give examples of the 
analysis of mixed gases, of minerals, and of mineral waters. 

ANALYSIS OF MIXED GASES. 

692. Analysis of gaseous mixtbtres containing oxy- 
gen. — Of the various processes by which oxygen gas may be 
withdrawn from gaseous mixtures, and its quantity determined, 
none are so convenient and precise as the method by means 
of hydrogen gas. In performing this analysis, a portion of 
atmospheric air is carefully measured in a graduated tube, 
and mixed with a quantity of hydrogen, which is rather more 
than sufficient for uniting with all the oxygen present. The 
mixture is then introduced into a strong glass tube called 
Volta's eudiometer, and is inflamed by the electric spark, the 
aperture of the tube being closed by the thumb at the moment 
of detonation. The total diminution in volume, divided by 
three, indicates the quantity of oxygen originally contained in 
the mixture. This operation may be performed in a trough 
either of water or mercury. 

Instead of electricity, spongy platinum (page 163) maybe 
employed for causing the union of oxygen and hydrogen 
gases ; and, while its indications are very precise, it has the 
advantage of producing the effect gradually, and without de- 
tonation. The most convenient mode of employing it with 
this intention is the following : A mixture of spongy platinum 
and pipe-clay, in the proportion of about three parts of the 
former to one of the latter, is made into a paste with water, 
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and then rolled between the fingers into a globular form. In 
order to preserve the spongy texture of the platinum, a little 
muriate of anmionia is mixed with the paste ; and when the 
ball has become dry, it is cautiously ignited at the flame of a 
spirit-lamp. The sal ammoniac, escaping from all parts of 
the mass, gives a d^ee of porosity which is peculiarly 
favorable to its action. The ball, thus prepared, should be 
protected from dust, and be heated to redness just before being 
used. To insure accuracy, the hydrogen employed should be 
kept over mercury for a few hours in contact with a spongy 
platinum ball and a piece of caustic potash. The first de- 
prives it of traces of oxygen, which it commonly contains, 
and the second of moisture and sulphureted hydrogen. The 
analysis must be performed in a merctirial trough. The time 
required for completely removing the oxygen depends on the 
diameter of the tube. If the mixture is contained in a very 
narrow tube, the diminution does not arrive at its ftdl extent 
in less than twenty minutes or half an hour ; while in a vessel 
of an inch in diameter, the effect is complete in the course of 
five minutes. 

693. Mode of determining the quantity of nitrogen 
IN GASEOUS MIXTURES. — ^As atmosphcric air, which has been 
deprived of moisture and carbonic acid, consists of oxygen and 
nitrogen only, the proportion of the latter is, of course, known 
as soon as that of the former is determined. The only method, 
indeed, by which chemists are enabled to estimate the quantity 
of this gas, is by withdrawing the other gaseous substances wiUi 
which the nitrogen is mixed. 

694. Mode of determining the quantitt of oarbonio 
ACID IN gaseous MIXTURES. — When carbonic acid is the only 
acid gas which is present, as happens in atmospheric air, in 
the ultimate analysis of organic compounds, and m most otlier 
analogous researches, the process for determining the quantity 
of carbonic acid is exceedingly simple ; for it consists merely 
in absorbing that gas by lime water, or a solution of caustic 
]>ota8h. This is easily done, in tlie course of a few minutes, in 
au ordinary graduated tube ; or it may be eflfected, almost in- 
Htautaneously, by agitating tlie gaseous mixture with tlie alka- 
line solution, in I[o]>e^s eudiometer. This apparatus is formed 
of two parts; a bottle capable of containing about twenty 
drams of fluid, and funiished with a well-ground 8top|>er; 
and a tul>e of the capacity of one cubic inch, divided into 100 
ci|ual parts, and accurately fitted, by grinding, to the neck of 
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the bottle. The tube, full of gas, is fixed into tlie bottle pre- 
viously filled with lime water, and its contents are briskly 
agitated. The stopper is then withdrawn under water, when a 
portion of liquid rushes into the tube, supplying the place of 
the gas' which has disappeared ; and the process is afterward 
repeated, as long as any absorption ensues. 

095. The eudiometer of- Dr. Hope was originally designed 
lor analyzing air or other similar mixtures, tiie bottle being 
filled with a solution of the hydro-sulphuret of potassa, or 
lime, or some liquid capable of absorbing oxygen. To the 
employment of this apparatus it has been objected^ that the 
absorption is rendered slow by the partial vacuum which is 
continually taking place within it, an inconvenience particu- 
larly felt toward the clofee of the process, in consequence of the 
eudiometric liquor being diluted by the admission of water. 
To remedy this defect, Dr. Henry nas substituted a bottle of 
elastic eum for that of &:lass, by which contrivance no vacuum 
can occur. From the improVed method of analyzing air, how- 
ever, this instrument is now rarely employed in eudiometry ; 
but it may be used with advantage for absorbing carbonic acid 
of similar gases, and is particularly useful for the purpose of 
demonstration. 

696. Mode of analyzing mixtures of hvdrogen and 
OTHER inflammable GASES. — ^Wheu hydrogcu is mixed with 
nitrogen, air, or other similar gaseous mixtures, its quantity is 
easily ascertained by caiLsing it to combine with oxygen, either 
by means of platinum sponge, or the electric spark. If, instead 
of hydrogen, any other combustible substance, such as car- 
bonic oxide, light carbureted hydrogen, or defiant gas, is 
mixed with nitrogen, the analysis is easily effected by adding 
a sufficient quantity of oxygen, and detonating the mixture by 
electricity. The diminution in volume indicates the quantity 
of hydrogen contained in the gas, and from the carbonic acid, 
which may then be removed by an alkali, the quantity of car- 
bon is inferred. 

When defiant gas is mixed with other inflammable gases, its 
quantity is easily determined by an elegant and simple process 
proposed by Dr. Henry. It consists in mixing 100 measures, 
or any convenient quantity of the gaseous mixture, with an 
equal volume of chlorine, in a vessel covered with a piece of 
cloth, or paper, so as to protect it from light ; and after an in- 
terval of about ten minutes, the excess of chlorine is removed 
by lime water, or potassa. The loss experienced by the gas to 
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be analyzed, indicates the exact quantity of olefiant gas which 
it had contained. 

In mixtures of hydrogen, carbureted hydrogen, and carbonic 
oxide, the analytic process is exceedingly difficult and com- 
plicated, and requires all the resources of the most refined 
chemical knowledge, and all the address of an experienced 
analyst The most recent information on this subject will be 
found in Dr. Henry's Essay, in the Philosophical Transactions 
for 1824. 

ANALYSIS OF MINERALS. 

607. As the very extensive nature of this department of 
analytical chemistry renders a selection necessary, I shall con- 
fine my remarks solely to the analysis of those earthy minerals 
with which the beginner usually commences his labors. The 
most common constituents of these compounds are silica, alu- 
mina, iron, manganese, lime, magnesia^ potassa, soda, and the 
carbonic and sulphuric acids ; and I shall, therefore, endeavor 
to give short directions for determining the quantity of each of 
these substances. 

In attempting to separate two or more fixed principles from 
each other, the first object of the analytical chemist is to bring 
them into a state of solution. If they are soluble in water, 
this fluid is preferred to every other menstruum, but if not, 
an acid, or any convenient solvent may be employed. In 
many instances, however, the substance to be analyzed resists 
the action even of the acids, and in that case, the following 
method is adopted : The compound is first crushed by 
means of a hammer, or a steel mortar, and is afterward re- 
duced to an impalpable powder in a mortar of agate ; it is 
then intimately mixed with three, four, or more times its 
weight of potassa, soda, baryta, or their carbonates; and 
lastly, the mixture is exposed in a crucible of silver, or pla- 
tinimi, to a strong heat During the operation, the alkali 
combines with one or more of the constituents of the mineral ; 
and, consequently, its elements being disunited, it no longer 
resists the action of the acids. 

698. Analysis or marble or carbonate of lime. — ^Tliis 
analysis is easily made by exposing a known quantitv of mar- 
ble, for about half an hour, to a full white heat, by which 
means the carbouic acid gas is entirely expelled, so tliat by the 
loss in weight the quantity of each ingr^ient, supposing the 
marble to hare been pure, is at once determined* In order to 
35 
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asoertam that the whole loss is owing to the escape of carbonic 
acid, the quality of this gas may be determined by a compara- 
tive analysis. Into a small flask, containing muriatic acid, 
diluted with two or three parts of water, a known quantity of 
marble is gradually added, the flask being inclined to one side 
in order to prevent the fluid from being flung out of the vessel 
during the effervescence. The diminution in weight experienced 
b/ tlie flask and its contents, indicates the quantity of carbonic 
acid which has been expelled. 

Should the carbonate sufivr a greater loss in the fire than 
when decomposed by an acid, it will most probably be found 
to contain water. This may be ascertained by heating a piece 
of it to redness, in a glass tube, the sides of which will be 
bedewed with moisture, if water is present. Its quantity may 
be determined by causing the watery vapor to pass through a 
weighed tube filled with fragments of the chloride of calcium, 
(muriate of lime,) by which the moisture is absorbed. 

699. Separation of limb and magnesia. — The more 
common kinds of carbonate of lime frequently contain traces of 
silicious and aluminous earths, in consequence of which, they 
are not completely dissolved in dilute muriatic acid. A very 
frequent source of impurity is the carbonate of magnesia, 
which is ofl;en present in such quantity that it forms a pecu- 
liar compoun(i called magnesian limestone. The analysis of 
this substance, so far as respects carbonic acid, is the same 
as that of marble. The separation of the two earths may be 
conveniently effected in the following manner : The solution 
of the mineral in muriatic acid is evaporated to perfect dry- 
ness, in a flat dish, or capsule of porcelain, and after redis- 
solving the residuum, in a moderate quantity of distilled 
water, a solution of the oxalate of ammonia is added as long 
as a precipitate ensues. The oxalate of lime is then allowed 
to subside, collected on a filter, converted into quicklime by a 
white heat, and weighed ; or the oxalate may be decomposed 
by a red heat, the carbonate resolved into the sulphate of 
lime by sulphuric acid, and the excess of acid expelled by a 
temperature of ignition. To the filtered liquid containing the 
magnesia, an excess of carbonate of ammonia, and then phos- 
phate of soda is added, when the magnesia, in the form of 
the ammoniaco-phosphate, is precipitated. Of this precipi- 
tate, heated to redness, 100 parts correspond to 40 of pure 
magnesia. (Murray.) 

700. Earthy sulphates.— -llie most abundant of the earthy 
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sulphates, is that of lime. "Qie analysis of this compound is 
easily effected. By boiling it for fifteen or twenty minutes 
with a solution of twice its weight of the carbonate of soda, 
double decomposition ensues ; and the carbonate of lime, after 
being collected on a filter and washed with hot water, is either 
heated to low redness, to expel the water, and weighed, or at 
once reduced to quicklime by a white heat. Of the dry car- 
bonate, fiifty parts correspond to twenty-eight of lime. Tlie al- 
kaline solution is acidulated with muriatic acid, and the sul- 
phuric acid thrown down by the muriate of baryta. From the 
sulphate of this earth, collected and dried at a red heat, the 
quantity* of acid may easily be estimated. 

The method of analyzing the sulphates of strontia and 
baryta is somewhat different. As these salts are difficult of 
decomposition in the moist way, the following process is 
adopted : The sulphate, in fine powder, is mixed with three 
times its weight of the carbonate of soda, and the mixture 
is heated to redness in a platina crucible, for the space of half 
an hour. The ignited mass is then digested in hot water, and 
the insoluble earthy carbonate collected on a filter. The other 
parts of the process are the same as the foregoing. 

701. Mode of analyzing compounds of silica, alumina, 
AND iron. — ^Minerals, thus constituted, are ^decomposed by an 
alkaline carbonate, potash, or soda, at a red heat, in the same 
manner as the sulphate of baryta. The mixture is afterward 
digested in dilute muriatic acid, by which means all the in- 
gredients of the mineral, if the decomposition is complete, are 
dissolved. The solution is next evaporated to dryness, the 
heat being carefully regulated toward the close of the pro- 
cess, in order to prevent any of the chloride of iron, the vola- 
tility of which is considerable, from being dissipated in vapor. 
By this operation, the silica, though previously held in solution 
by the acid, is entirely deprived of its solubility ; so that on 
digesting the dry iiSiss in water, acidulated with muriatic acid, 
the alumina and iron are taken up, and the silica is left in a 
state of purity. The siliceous earth, after subsiding, is col- 
lected on a filter, careftdly edulcorated, heated to redness, and 
weighed. 

To the clear liquid containing iron and alumina, a con- 
siiJerable excess of a solution of pure potassa is added ; so 
as not only to throw down these oxides, but to dissolve the 
ahnniiui. The peroxide of iron i» then co]le<;ted on a filter, 
Cihilroratcil cmefiiUy until the washings cease to have an alka- 
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line reaction, and is well dried on a sand bath. Of this 
hydrated peroxide, forty-nine parts contain forty of the anhy- 
drous peroxide of iron. But me most accurate mode of deter- 
mining its quantity is by expelling the water by a red heat. 
This operation, however, should be done with care ; since any 
adhering particles of paper, or other combustible matter, would 
bring the iron into the state of black oxide, a change which 
is known to have occurred by the iron being attracted by a 
magnet. 

To procure the alumina, the liquid in which it is dissolved 
is boiled with sal-ammoniac, when the muriatic acid unites 
with the potassa, the volatile alkali is dissipated in vApor, and 
the alumina subsides. .As soon as the solution is thus rendered 
neutral, the hydrous alumina is collected on a filter, dried by 
exposure to a white heat, and quicMy weighed after removal 
from, the fire. 

702. Separation of iron and manganese. — ^A compound 
of these metals, or their oxide, may be dissolved in muriatic 
acid. If the iron is in a l^ge proportion, compared with the 
manganese, the following process may be adopted with advan- 
tage : To the cold solution, considerably diluted with water, 
and acidulated with muriatic acid, carbonate of soda is gradu- 
ally added, and tRe liquid is briskly stirred with a glass rod, 
during the effervescence, in order that it may become highly 
charged with carbonic acid. By neutralizing the solution in 
this manner, it at length attains a point at which the per- 
oxide of iron is entirely deposited, leaving the liquid colorless ; 
while the manganese, by aid of the free carbonic acid, is kept 
in solution. The iron, after subsiding, is collected on a filter, 
and its quantity determined in the usual manner. The filtered 
liquid is then boiled with an excess of the carbonate of soda ; 
and the precipitated carbonate of manganese is collected, 
heated to low redness in an open crucible, by which it is con- 
verted into the brown oxide, and weignld. This method is 
one of some delicacy ; but in skillful hands, it aftbrds a very 
accurate result. It may also be employed for separating iron 
from msE^esia and lime as well as from manganese. 

703. By succinate of ammonia. — But if the proportion 
of iron is small, compared with that of manganese, the best 
mode of separating it is by tlie succinate of ammonia or soda, 
prepared by neutralizing a solution of succinc acid with either 
of those alkalies. That this process should succeed, it is neces- 
sary that the iron be wholly in the state of peroxide, that the 
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solution be exactly neutral, which may easily be insured by the 
cautious use of ammonia, and that the reddish-brown colored 
succinate oiiron be washed with cold water. Of this st^inate, 
well dried at a temperature of 212 degrees F., 90 parts corre- 
spond to 40 of the peroxide. From the filtered liquid, the 
manganese may be precipitated at a boiling temperature by 
carbonate of soda, and its quantity determined in the way 
above mentioned. The benzoate may be substituted for the 
succinate of ammonia in the preceding process. 

It may be stated as a general rule, that whenever it is in- 
tended to precipitate iron by means of the alkalies, the succin- 
ates, or benzoates, it is essential that this metal be in the maxi- 
mum of oxidation. It is easily brought into this state by 
digestion with a little nitric acid. 

704. Separation of manganese from lime and magne- 
sia. — If the quantity of the former be proportionally small, it 
is precipitated as a sulphuret by the hydrosulphuret of am- 
monia or potassa. This sulphuret is then dissolved in muriatic 
acid, and the manganese thrown down as usual by means of 
an alkali. But if the manganese be the chief ingredient, the 
best method is to precipitate it at once, together with the two 
earths, by a fixed alkaline carbonate, at a boiling temperature. 
The precipitate, after being exposed to a low red heat and 
weighed, is put into cold water, acidulated with a drop or two of 
nitric acid, when the lime and magnesia will be slowly dissolved 
with effervescence. Should a trace of the manganese be like- 
wise taken up, it may easily be thrown down by the hydrosul- 
phuret of ammonia. 

705. Mode of analyzing an earthy mineral contain- 
ing SILICA, iron, alumina, MANGANESE, LIME, AND MAGNESIA. 

— The mineral, reduced to a fine powder, is ignited with three 
or four times its weight of the carbonate of potassa or soda, 
the mass is taken up in dilute muriatic acid, and the silica 
separated in the way already described. To the solution, thus 
freed froiti silica and duly acidulated, carbonate of soda is 
gradually added, so as to charge the liquid with carbonic acid, 
as in the analysis of iron and manganese. In this manner the 
iron and alumina are alone precipitated, substances which may 
Ih» separated from each other by means of pure potassa. The 
uiangaii<>s<% lime, and magnesia, may be dctermiued by the 
proccstk^s already dew:ribed. 

700. Analysis of minerals containing a fixed alkau* 
— When the object is to determino the qaantity of a fixed 
35* 
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alkali, sucb as potassa or soda, it is necessary to abstain from 
Hie emplojrment of these reagents in the analysis itself; and 
the bemnner will do well to devote his attention to the alkaline 
ingredients only. On this supposition, he will proceed in the 
foSowing manner : The mineral is reduced to a very fine pow- 
der, mixed intimately with six times its weight of the artificial 
carbonate of baryta, and exposed for an hour to a white heat. 
The ignited mass is dissolved in dilute muriatic acid, and the 
solution evaporated to perfect dryness. The soluble parts are 
taken up in hot water ; an excess of the carbonate c^ ammonia 
is added ; and the insoluble matters, consisting of silica, car- 
bonate of baryta, and all the constituents of me minersd, ex- 
cepting the fixed alkali, are collected on a filter. The clear 
solution is evaporated to dryness in a porcelain capsule, and 
the dry mass is heated to redness in a crucible of platinum, in 
order to expel the salts of ammonia. The residue is the chlo- 
ride of potgwsium or sodium. 

In this analysis, it generally happens that traces of manga- 
nese, and sometimes of iron, escape precipitation in the first part 
of the process ; and, in that case, they should be thrown down 
by the hydrosulphuret of ammonia. If neither lime nor mag- 
nesia is present, the alumina, iron, and manganese, may be 
separated by pure ammonia, and the baryta subsequently re- 
moved by the carbonate of that alkali. By this method the 
carbonate of baryta is recovered in a pure state, and may be 
reserved for another analysis. The baryta may also be thrown 
down, as a sulphate, by sulphuric acid, in which case, the soda 
or potassa is procured in combination with that acid. 

The analysis is attended with considerable inconvenience, 
when magnesia happens to be present, because this earth is not 
completely precipitated, either by ammonia or its carbonate; 
and, therefore, some of it remains with the fixed alkali. The 
best mode with which I am acquainted for efi'ecting its separa- 
tion is the following : The carbonate of ammonia is first added, 
and the phosphoric acid is dropped into the liquid, until all the 
magnesia is thrown down in the form of the ammoniaco-mag- 
nesian phosphate. The excess of phosphoric acid is afterward 
removed by the acetate of lead, and that of lead by sulphureted 
hydrogen. The acetate of the alkali is then brought to dry- 
ness, ignited, and by the addition of sulphate of ammonia is 
converted into a sulphate. 

707. Process of filtration. — ^In the preceding account, 
several operations have been alluded to, which, from their im- 
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partanee, deserve more particular mention. The process of fil- 
tering, for example, is one on which the success of analysis 
materially depends. Filtration is eflfected by means of a glass 
funnel, into which a filter, made of white bibulous paper, is in- 
serted. For researches of delicacy, the filter, before being used, 
19 macerated for a day or two in water, acidulated with nitric 
acid, in order to dissolve lime and other substances contained 
in common paper, and it is afterward washed with hot water, 
till every trace of acid is removed. It is next dried at 212 de- 
grees, or any fixed temperature insufficient to decompose it, 
and tJhen carefully weighed, the weight being marked upon it 
with a pencil. As dry paper absorbs hygrometic moisture 
rapidly from the atmosphere, the filter, while being weighed, 
should be inclosed in a light box made for the purpose. When 
a precipitate is collected on a filter, it is washed with pure 
water until every trace of the original liquid is removed. It is 
subsequently dried and weighed as before, and the weight of 
the paper subtracted from the combined weight of the filter 
and precipitate. The trouble of weighing the filter may 
sometimes be dispensed with. Some substances, such as silica, 
alumina, and lime, which are not decomposed when heated 
with combustible matter, may be put into a crucible while yet 
contained in the filter, the paper being set on ^a before»it is 
placed in the furnace. In these instances, the ash from the 
paper, the average weight of which is determined by previous 
experiments, must be subtracted from the weight of the heated 
mass. 

The tests commonly employed in ascertaining the acidity or 
alkalinity of liquids are litmus and turmeric paper. The former 
is made by digesting litmus, reduced to a fine powder, in a 
small quantity of water, and painting with it white paper which 
is free from alum. The turmeric paper is made in a similar 
manner ; but the most convenient test of alkalinity is litmus 
paper reddened by a dilute acid. 

ANALYSIS OF MINERAL WATERS. 

708. Rain water, collected in clean vessels in the country, 
or freshly fisdlen snow, when melted, aifords the purest kind of 
water which can be procured without having recourse to dis- 
tillation. The water obtained from these sources, however, » 
not absolutely pure, but contains a portion of carbonic acid and 
air, absorbed from the atmoHpherc. It is remarkable that this 
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air IS very ricb in oxygen. That procured from snow water by 
boiling, was found by Gay Lussac and Humboldt to contain 
34.8, and that from rain water 82 per cent, of oxygen gas. 
From the powerftdly solvent properties g^ water, this fluid no 
soonSr reaches the ground and percolates through the soil, than 
it dissolves some of the substances which it meets with in its 
passage. Under common circumstances, it takes up so small 
a portion of foreign matter that its sensible properties are not 
materially affect^, and in this state it gives rise to sjpring^ 
well, and river water. Sometimes, on the contrary, it becomes 
80 strongly impregnated with saline and other substances, 
that it acquires a peculiar flavor, and is thus rendered unfit 
for domestic uses. It is then known by the name of mineral 
water, 

709. Spring water. — The composition of spring water is 
dependent on the native of the soil through which it flows. 
If it has filtered through primitive strata, such as quartz rock, 
granite, and the like, it is in general very pure; but if it 
meets with limestone or gypsum in its passage, a portion of 
these salts is dissolved, and communicates the property called 
hardness. Hard water is characterized by decomposing soap, 
the lime of the former yielding an insoluble compoimd with 
the oil of the latter. If this defect is owing to the presence 
of the carbonate of lime, it is easily remedied by boiling, when 
free carbonic acid is expelled, and the insoluble carbonate of 
lime subsides. If sulphate of lime is present, the addition 
of a little carbonate of soda, by precipitating the lime, con- 
verts the hard into soft water. Besides these ingredients, the 
muriates of lime and soda are frequently contained in spring 
water. 

Spring water, in consequence of its saline impregnation, is 
frequently unfit for chemical purposes, and on these occasions 
distilled water is employed. Distillation may be performed on 
a small scale by means of a retort, in the body of which water 
is made to boil, while the condensed vapor is received in a 
glass flask, called a recipient, which is adapted to its beak or 
open extremity. This process is more conveniently conducted, 
however, by means of a still. 

710. Arrangement of mineral waters. — The different 
kinds of mineral water may be conveniently arranged for the 
purpose of description in the four divisions of carbonated, chaly- 
beate, sulphurous, and saline springs. 

The carbonated springs of which those of Seltzer, Spa, 
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Pynnont, Ballston, and Carlsbad, are the most celebrated, and 
are distinguished by containing a considerable quantity of free 
carbonic acid, owing to the escape of which they sparkle when 
poured from one vessel into another. They communicatB a 
red tint to litmus paper before, but not after being boiled, and 
the redness disappears on exposure to the air. Mixed with a 
sufiScient quantity of lime water, they become turbid from the 
deposition of carbonate of lime. They frequently contain the 
carbonate of lime, magnesia, and iron, in consequence of the 
fecility with which these salts are dissolved by water charged 
with carbonic acid. 

The best mode of determining the quantity of carbonic acid 
is by heating a portion of the water m a flask, and receiving 
the carbonic acid by means of a bent tube, in a graduated jar 
filled with mercury. 

711. Chalybeate waters. — The chalybeate waters are 
characterized by a strong styptic inky taste, and by striking a 
black color with the infusion of gall-nuts. The iron is some- 
times combined with the muriatic or sulphuric acid ; but most 
frequently it is in the form of a carbonate of the protoxide, held 
in a solution by free carbonic acid. On exposure to- the air, the 
protoxide is oxidized, and the hydrated peroxide subsides, 
causing the ochreous deposit, so commonly observed in the 
vicinity of chalybeate springs. 

To ascertain the quantity of iron contained in a mineral 
water, a known weight of it is concentrated by evaporation, 
and ihe iron brought to the state of peroxide by means of 
nitric acid. The peroxide is then precipitated by an alkali 
and weighed ; and if lime and magnesia are present, it may be 
separate from those earths by t£o process described in the 
last section. 

Chalybeate waters ^e by no means uncommon; but the 
most noted in Britain are those of Tunbridge, Cheltenham, 
and Brighton. The Bath water also contains a small quantity 
of iron. 

712. Sulphurous waters. — The sulphurous waters, of 
which the springs of Aix la Chapelle, Ilarrowgate, and Moffat 
afford examples, contain sulphureted hydrogen, and are easily 
recognized fey their odor, and by causing a brown precipitate 
with a salt of lead or silver. The gas is readily expelled hj 
boiling, and its quantity may be inferred by transmitting it 
through a solution of the ac«tato of lead, and weighing the sul- 
phnret which is generated. 
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tl3. S ALIKE WATERS. — ^Those miiiicral springs are called 
saline which do not belong to either of the preceding divisions. 
The salts which are most frequently contained in these waters^ 
are the sulphates, muriates, and carbonates of lime, magnesia, 
and soda. Potassa sometimes exists in them, and Berzelius 
has found lithia in the spring at Carlsbad. It has lately been 
discovered that the presence of hydriodic acid in small quan- 
tity is not infrequent As examples of saline water, may be 
enumerated the springs of Epsom, Cheltenham, Bath, Bris- 
tol, Bareges, Buxton, Pithcaithly, Toeplitz, Ballston, and 
Saratoga. 

The first object in examining a saline spring is to determine 
the nature of its ingredients. Muriatic acid is detected by the 
nitrate of silver, and the sulphuric acid by muriate of baryta; 
and if an alkaline carbonate be present, the precipitate occa- 
sioned by either of these tests will contain a carbonate c^ silver 
or baryta. The presence of lime and magnesia may be dis- 
covered, the former by the oxalate of lime, and the latter by 
carbonate of ammonia and the phosphoric acid. Potassa is 
known by the action of the muriate of platinum. To detect 
soda, the water should be evaporated to dryness, the deliques- 
cent salts removed by alcohol, and the matter insoluble in that 
menstruum taken up by a small quantity of water, and be 
allowed to crystallize by spontaneous evaporation. The salt of 
soda may then be recognized by the rich yellow color which it 
communicates to flame. If the presence of hydriodic acid is 
suspected, the solution is brouglit to dryness, the soluble parts 
dissolved in two or three drams of a cold solution of starch, and 
strong sulphuric acid gradually added. 

714. Mode of finding the quantity. — Having thus as- 
certained the nature of the saline ingredients, their quantity 
may be determined by evaporating a pint of water to dryness, 
heating to low redness, and weighing the residue. In order to 
make an exact analysis, a given quantity of the mineral water 
is concentrated in an evaporating basin, as far as can be done 
without causing either precipitation or crystallization, and the 
residual liquid is divided into two equal parts. From one por- 
tion the sulphuric and carbonic acids are thrown down by the 
nitrate of baryta, and after collecting the precipitate on a filter, 
the muriatic acid is precipitated by the nitrate of silver. The 
mixed sulphate and carbonate is exposed to a low red heat, 
and weighed ; and the latter is then dissolved by dilute^, muri- 
atic acid, and its quantity determined by weighing the sulphatd. 
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The chloride of silver, of which 146 parts correspond to 37 of 
muriatic acid, is fuse<f in a platinum spoon or crucible, in order 
to render it quite free from moisture. . To the other half of the 
concentrated mineral water, oxalate of lime is added for the 
purpose of precipitating the lime ; and the magnesia is after- 
ward thrown down as die ammoniaco-phosphate, by means of 
the carbonate of ammonia and phosphoric acid. Having thus 
determined the weight of each* of the fixed ingredients, except- 
ing the soda, the loss of course gives ihe quantity of that alksJi ; 
or it may be procured in a separate state by the process de- 
scribed in the foregoing section. 

715. In what statb combined. — The individual constitu- 
ents of the water being known, it remains to determine the 
state in which they were originally combined. In a mineral 
water containing sulphuric and muriatic acids, lime, and soda, 
it is obvious that three cases are possible. The liquid may 
contain sulphate of lime and muriate of soda, muriate of lime 
and sulphate of soda, or each acid may be distributed between 
both the bases. It was at one time supposed that the lime 
must be in combination with sulphuric acid, because the sul- 
phate of that earth is left, when the water is evaporated to dry- 
ness. This, howevfer, by no means follows. In whatever state 
the lime may exist in the original spring, gypsum will be 
generated as soon as the concentration reaches that degree at 
which sulphate of lime can not be held in solution. The late 
Dr. Murray,* who treated this question with much sagacity, 
obsen'es, that some minei*al waters, which contain the four 
principles above mentioned, possess higher medicinal virtues 
than can be justly ascribed to the presence of sulphate of lime 
and muriate of soda. He advances the opinion, that alkaline 
bases are united in mineral waters with those acids with which 
they form the most soluble compounds, and that the insoluble 
salts obtained by evaporation are merely products. He there- 
fore proposes to arrange the substances determined by analysis 
according to this supposition. To this practice there is no 
objection ; but it is prooable that each acid is rather distributed 
between several bases, than combined exclusively with one of 
them. 

716. Sea water. — Sea water may be regarded as one of the 
saline mineral waters. Its taste is disagreeably bitter and 
baline, and its fixed constituents amount to about three 
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oent Its specific gravity varies from 1.0269 to 1.0285 ; and 
it freezes at about 28.5 degrees F. According to the analysis 
of Dr. Murray, 10,000 parts of water from the Firth of Forth 
contain 220.01 parts of conmion salt, 33.16 of sulphate of soda, 
42.08 of muriate of magnesia, and 7.84 of muriate of lime. 
Dr. Wollaston has detected potassa in sea water, and it likewise 
contains small quantities of the hydriodic and iodic and hydro- 
bromic acids. 

111. The Dead Sea. — ^The water of the Dead Sea has a &r 
stronger saline impregnation than sea water, containing one- 
fourth of its weight of solid matter. It has a peculiarly bitter, 
saline, and pungent taste, and its specific gravity is 1.211. 
According to the analysis of Dr. Marcet, 100 parts of it are 
composed of muriate of magnesia, 10.246, muriate of soda, 
10.36, muriate of lime, 3.92, and sulphate of lime, 0.054. In 
the river Jordan, which flows into the Dead Sea, Dr. Marcet 
discovered the same principles as in the lake itselt — Tumer^s 
Chemistry, 
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Air, atmospheric, 176 

condensation of, 59, 178 

thcrmomi*ter, 45 

inflammable, 228 

Air-pomp, 179 



Alr-pnmp, GemMi, 1 

Affinity, 

doable eleatire, 

«r, 3 

Albumen 3 

AiooiKfl, a 

vitlioutdiitillatka,... 3 

iuwines, 384,3 

Altmbio, ' 1 

AlkaUes, 3 

Alkaloid!, 3 

table o^ 3 

jUIanite, 3 

Alloy, Itouble, a 

AllojB, S 

Aliunios 3 

AmalganiB, 2 

Ammonia, apparatus for, .... 1 

preparation of, 1 

liquid, 1 

muriate of, 3 

nitralB o^ 1 

AnoJyala of vegetable 3 

minerals, 4 

soils, 3 

mineral waters, . . 4 

Aualytjoal ohomirtiy, 4 

Animal ehcmistry, 350, 3 

Anhydroui add, ] 

salte, 3 

AnitnalB reust heat, ........ 

Animal olla, 3 

heat, 4 

Aatlraony, 3 



Antimcitf, tartrate of, 369 

Apblo^atio lamp, - . . • &68 

Ai^Nuratas, chemiotl, 137 

togtaea, 51,133 

Aqna tortM, - 190 

leff^ S60 

Ariifiaial marble, 383 

Anenic, 305 

oxide of, 305 

Bulphide ot, 30S 

teat of, 305 

white, ,.., 305 

Arsenistea, 306 

Atmoqdiere, wei^t of, ITS 

AtmoqJieiio air, '. . . ITS 

oarbonio add in, ITS 
oompoaitkm o^. ITS 

Alomio theory 135 

Attraction, 34 

ofoobcaiou, 94 

chemical, 94 

of gravitation, .... 94 
Aiote, 198 

B. • 

BalanGB, portable, 136 

Balloons, J58 

Barium, 380 

prolojide of; 280 

JSarjlcB, 280 

muriate of, 34T 

Haromtlcr, thenurmietrio, ... 21 

ISottfry, Bird's, 86 

Bell-glass,.... 134 

Biamntb, 315 

oxide of, 315 

flowereof, 315 

ma^ateryof, 315 

Black lead, 300 

Block oxide of mangaBeae, . . . 296 

Bleaching powder, 264 
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Blende, 301 

Blood, 396 

circiilation of, 398 

Blow-pipe, comm<m, 130 

Gahn's, 130 

oompoimd, 167 

use of, 168 

Blue, Pniflsian, 243 

Bodies, elementary, 122 

number of, 122 

ponderable, 147 

imponderable,. 11 

Boiling of liquids, 21 

Borates, 342 

Borate of Boda, 342 

Borax, 342 

Boron, 212 

Brass, 302 

malleable, 302 

Bromine, 224 

Bnnsen's battery, 79 

Burning fluid, 378 

C. 

Cadmium, 303 

Calamine, 301 

Caloium, 282 

oxide of, 282 

Calomel, 262 

Caloric, 11 

oonduotors of, 25, 26 

combined, IS 

equilibrium of, ..... . 12 

expansion ol^. ....... . 29 

free, 13 

latent in steam, 14 

speotfio, 39, 43 

reflection of, 34 

sources of, 57 

offlnidj^, 14 

oapMiiy for, 40 



Faff*. 

Caloric, transmission of, .... . 37 

Canton's phosphorus, 61 

Caoutchouc, 391 

Camphene, «. 378 

Carbon, 194 

and oxygen, 198 

sulphide of, 246 

Carbonic acid, ^ 198 

absorption of, 201 

poMon, I . . . . 1 98 

oxide, 203 

properties of, 199 

preparation, 199 

Carbonates, 343 

of soda, 345 

of potash, 344 

of lead, 320 

oflime, 283 

Catalysis, 103 

Calico printing, 374 

Carbo-sulphurio acid, 246 

Carbureted hydrogen, 228 

Ught,... 228 

heavy,.. 235 

Caustic, lunar, 336 

Carburet of hydrogen, 235 

Cerium, 312 

Cistern, pneumatic, 167 

Charcoal, manufacture of, ... . 1 96 

Chemical affinity, 95 

force of,.... 107 

combinations, 104 

I4pparatu8, 128 

equiyalenta, 118 

scale of,. 124 

symbols, 143 

Chemistry, defined,,.:. 9 

animal, 394 

inorganic, 149 

organic, 350 

CUoratea, 216,337 
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CaikMntoofpotMh, 339 

CaOorides, 333 

Chloride of nitrogen, 230 

oaloium, 283 

aodium,' 277 

lime, 289 

solphnr, 218 

Chlorine, 213 

how prepared,. . 214,285 
Bupporte oombnstion, 215 
metals bum in it,... 215 

oxides of; 219 

and oxygen, 220 

and sulphur, 220 

and nitrogen, 220 

and hydrogen, 216 

Chloruret of sulphur, 218 

Chloroform, 404 

Chromium, 307 

Chromate of lead, 307 

iron, 307 

Chrome yellow, 308 

Cinchonia, 392 

Ciimabar, 263 

Classification of metals, 123 

Citric acid, 370 

Coal gas, 236 

Cobalt, 313 

analysis o(j 313 

oxides of, 313 

arsenical, 313 

Codeia, 391 

Cohesion, 100 

attraction of, 44 

Cold, artificial, 53 

Coloring matter, 374 

of the blood, 396 

artof, 374 

C<5lumbium, 309 

Colors, primary, 59 

Combination, 104 



Combinatbn by Tc^nme, 115 

Common salt, 277 

Compound Uow-pipe, 167 

Combining numbers, 122 

Combined caloric, 13 

Combustion, 57 

what, 154 

changes by, 156 

in oxygen, 155 

of charcoal, 91 

ofhydrogien, .... 166 
loss of weight by,. 57 
of iron or steel, . . 155 
sp(mtaneou8, .... 367 
of zinc, ••....... 155 

Conductors of calmric, 25, 26 

Concave mirrors, 34 

Consumption of oxygen, ..... 182 

Copper, 316 

acetate of, 367 

protoxide of, 317 

peroxide of, 318 

sulphate of, 206, 332 

sulphide of, 318 

suiphuret of, 318 

Copperas, 332 

Corrosive sublimate, 262 

Cotyledon, 353 

Cream of tartar, 369 

Cryophorus, 24 

Crucible, 127 

Crassamentum, 396 

Crystallization, 325 

water of, 325 

Cups, galvanic, 77, 84 

Cyanogen, 242 

Cyanuret of mercuiy, 243 

D. 

Decomposition, double, 99 

Detonating sugar, 339 
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Deatoxide of hydrogen, 172 

lead, 319 

DeBnite pn^rtioiis, .... 148, 326 

nmnbera, 326 

DecrepitatKHi, 326 

Deoompositi<« by hydrogen, . . 1 64 

Derbyshire eper, 343 

Density of air, 43, 139 

flnidB, 137 

Didyminm, 322 

Donarinm, 323 

Double salts, 325 

Destmctiye distil1ati<m, 364 

Diamond, burning of, 195 

Difierential thermometer, .... 45 

Dropping tnbe, 131 

Diana's sUver tree, 264 

Dntch gold, 317 

Dyeing, art of, 374 

E. 

Earths, 290 

metallic bases of, .... 292 

properties of^ 290 

Ebullition, cause of, 19 

Efflorescence, 324 

Elasticity in affinity, 102 

Elective affinity, 95 

double, 97 

Electrical pile, 75 

Electricity, 64 

oondnctOTS of, ... . 68 

theory of, 67 

magneto, 71 

chemical, cflfects of, 69 

Electro-chemical theory, .... 87 

Electro-magnetism, 91 

Elements, 122 

electrical, 88 

their nmnbcr, 122 

tnosfer of, ....... 83 

86* 



Emfetia, 393 

Emetic, tartar, 369 

Engine; 18 

Epsom salt, 330 

Equivalents, chemical, 118 

how found, 120 

Equivalent numbers, 122 

table of, 122 

scale of, 124 

Erbium, 322 

Essential organs of plants,. . . . 352 

oils, 377 

table of, 377 

Pitiier, .•...•...**.•... 9tj* • ooo 

evaporaticm of, 24 

Etching on glass, 226 

Eudiometry, 188 

Extractive matter, 374 

Expansion by heat, 29 

of solids, 29 

of liquids, 32 

of gases, 32 

Evaporation, 22 

fireezlngby, 24 

Evaporating dish, 129 

F. 

Fermentation, 381 

chemical changes in, 383 

saccharine, 381 

vinous, 381 

Felling colliery, 230 

Fibrin, 394 

Fire-damp, •« 230 

Fixed air, 198 

oils, 376 

Florence flask, 129 

Friction matches, 339 

causes heat, 58 

Flowers of sulphur, 204 

sine, 809 
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Fluidity, oakrio of, 14 

BUnborioaoid,.... 227 

Floor qm, %. 343 

Floorio aoid, 226 

Fluid, bnrxung, 378 

Flnorine, 225 

FluosiliHO aoid, 227 

Fulminatiog powder, 335 

Foodofplaiitii, 356 

Freezing mixtnre, .......... 53 

Finale of lime, 343 

Fowler's solntion, 305 

Foaible alloy, 256 

Funaoe lamp, 133 

O. 

Galena, 318 

Gakanic battery, 77 

circle, 74 

trough, « 78 

poles, 74 

cups, 76, 84 

pile, 75 

Galvanism, 72 

chemical effects c^, 70, 81 

theory of, 72, 87 

heating effects of,. . 80, 89 

discovery of, 64 

Galvanometer, 80 

Gases, by volume, 115 

expand equally, 115 

their weight, 138 

liquefiiotion of, 49, 51 

Gas, oxygen, 149 

analysis of, 406 

hydrogen, 158 

carbonic acid, 50 

chloric, 213 

muriatic acid, 216 

fluoric aoid, 225 

illuminating power of, . . 238 



Gas ligfate, 236 

ofl,, 238 

olefiaBt, 236 

nitrogen, 172 

nitrons oxide, 185 

portable, 236 

apparatus, 132 

Gelatine, 395 

Germination of seeds, 353 

German air-pump, 181 

GUding, 265 

Glass, 294 

Glauber's sdt, 328 

Glucina, 293 

Gluten, .373 

G<dd, 265 

malleability o^ 265 

solution of, 256 

gUding with, 266 

Gravitation, 94 

Gravity, specific,. 134 

in affinity, 103 

Growth of plants, 354 

Green vitriol, 332 

Gunpowder, 335 

Gun cotton, 338 

Gums, 371 

Gypsum, 329 

H. 

Hartshorn, 192 

Heavy spar, 329 

Heat, 101 

by friction, 16 

animal, 397 

hitent, 14 

expansion by, 29 

matter of, 102 

nature of, 15 

radiation of, 33 

resisted by animals,. . . . 397 
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Page. 

Heat, transmission of, 37 

Helix, 71,92 

Humus, 362 

Hemispheres, Magdeburg, ... 180 

Hydriodate of potash, 222 

Hydriodic acid, 222 

Hydrochloric acid, 216 

Hydrogen, 158 

gun, 161 

carbureted, 228 

how obtained, 158 

protoxide of, 165 

and sulphur, 239 

and phosphorus,... 240 
used in balloons,. . . 161 
action on platina, . . 163 

sulphureted, 239 

phosphureted, 240 

precipitates gold, . . 266 

Hydrocyanites, 349 

Ilydrosulphurcts, .^ 347 

Hydrosulphuret of potash, . . . 348 

Hydrochlorates, 217 

Hypcroxymuriatos, 337 

Hydracids, salts of, 348 

Hydriodate of potash, 223 

I. 

Ice cream, 53 

Imponderable agents, 11 

Ink, 336 

indelible, 336 

sympathetic, 313 

Ingredients of plants, 371 

Inorganic chemistry, 149 

Iodides, 222 

loiline, 221 

Iodic acid, 222 

Iodine and hydrogen, 222 

Iridium, 271 

Imneram, 146 
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Iron, 297 

coated with other metals, 293 

combustion of, 297 

carburet of, 300 

meteoric, 298 

oxides of, 299 

sulphate of, 332 

sulphuret of, 300 

tinned, 303 

rust of, 299 

Isomorphism, 145 

Ivory, silvering, 264 

K. 

Kelp, 224 

King's yellow, 308 

L. 

Lamp furnace, 133 

flameless, 268 

safety, 234 

Lanthanium, 312 

Laws of combination, 122 

proportion,.... 148 

Lead, 318 

acetate of, 367 

carbonate of, 320 

oxides of, 319 

sulphuret of, 320 

poisonous, 321 

white, 320 

red, 320 

Lemon, raits of, 370 * 

Liquid anmionia, 193 

phosphorus, 210 

Liquefaction of the gases, .... 51 

Light, 59 

decomposition of, 59 

without heat, 61 

efiects on colors, 61 

ndtotkmci^ 60 
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light on ciystallizatioii, 63 

carfonreted hydrogen, . . 228 

lime, 282 

chloride of, 234 

phosphate of, 209 

phoephuret of, 289 

carbonate of, 283 

and chlorine, 284 

sulphate oi; 329 

lime water, 330 

liquids expand by heat, 32 

litharge, 319 

Lithium, 279 

Looking-glasses, silvering, . . . 260 

Lonar caustic, 336 

M. 

Magdeburg hemispheres, .... 180 

Magnetism, electro, 91 

Magnet, temporary, 93 

Magnesia, 295 

Matrass, 128 

Marble, artificial, 282 

Manganese, 150, 295 

oxide of, 150,296 

Matter, coloring, 374 

extractive, 374 

Meconia, 391 

Melting pot, 127 

Mercury, ; 258 

penetrates other metals, 260 
> 

peroxide of, 261 

sulphuret of, 263 

subchloride of, 262 

Metallic compounds, 255 

alloys, 255 

oxides, 252 

salts, 255 

Metals, 123, 249 

arrangement of, 123 



Metals, classifioation of,. 257 

combustible, 253 

combine with sulphur, 252 

discovery of, 249 

become oxides, 252 

new, 321 

general properties (^, . 250 

how reduced, 253 

positive electrics, .... 251 

specific gravity of, . . . 256 

Meteoric iron, 298 

Mineral waters, analysis of, . . 415 

Mirrors, concave, 34 

Molybdic acid, 309 

Molybdenum, 308 

Mordant, 374 

Morphia, 391 

Multiple proportions, 115 

Muriates, 217 

Muriatic acid, 216 

Musical tones, .^ 162 

Muriate of ammonia, 346 

barytes, 347 

N. 

Narcotine, 392 

New metals, 321 

Nickel, 314 

Nicholson's balance, 136 

Nitrates, 334 

Nitrate of ammonia, 185 

potash, 334 

silver, 336 

Nitric acid, 190 

anhydrous, 191 

oxide, 187 

Niobium, 322 

Niter, 334 

Nitro-muriatic acid, 266 

Nitrous acid, 187 

oxide, 185 
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Nltroiis oxide, effects of, 186 

gM, 197 

Nitrogen, 172 

how obtained, 173 

carburet of^ 241 

chloride of, 220 

binoxide of, 187 

peroxide of, 189 

and hydrogen, 192 

and oxygen, 190 

protoxide of, 185 

Nomenclature, 140 

O. 

Oil of turpentine, 377 

Oagas, 234 

OU of vitriol, 206 

Oils, vegetable, 376 

fixed, 376 

volatile, 376 

Olefiant gas, 235 

Oleaginous substances, 395 

Opium, 391 

Organic chemistry, 350 

Organs of plants, 352 

Orpiment, 307 

Osmium, 271 

Oxide, carbonic, 203 

Oxalates, 368 

Oxides, metallic, 252, 324 

Oxide of calcium, 283 

Oxidation, 252 

Oxygen gas, 149 

emitted by plants, 63 
consumption of, . . 182 
how obtained, .... 150 
combustion in, . . . 155 

affinity of, 153 

source of, 183 

Oxymuriatic acid, 213 



P. 

Palladium, 270 

Pearlash, 276 

Pelopium, 322 

Pho^hates, 211, 341 

Phosphate of soda, 341 

Photometer, 60, 184 

Phosphorus, 208 

preparation of, . . . 209 

and oxygen, 211 

Homberg's, 61 

Phosphites, 212 

Phosphorescence, 61 

Phosphide of hydrogen, 240 

PaeofVolta, 75 

Pinchbeck, 317 

Plants, growth of, 354 

food of, 356 

incline toward the sun, 358 

ingredienlii of, 371 

organs of, 352 

Plaster of Paris, 329 

Platinum, 267 

alloys of, , . 268 

action on hydrogen, . 1 63 

malleable, 267 

geroxide of, 270 

protoxide of; 270 

sponge, 163 

uses of, 268 

Pneumatic cistern, 132 

Plumbago, 300 

Ponderable bodies, 147 

Portable gas, 236 

Potassa, 273 

Potassium, 273 

protoxide ci^ 274 

and oxygen, 274 

oxide of, 275 

Potash, chlorate of; 339 

carbonate of, 344 
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Pas*. 

Fbtash, liydriodafte of , 222 

snlphateof; 328 

Pot, melting, 127 

Proportioiis, definite, .... Ill, 148 

indefinite, 109 

by volume, 115 

multiple, 115 

how foond, 115 

Pmasian blue, 242 

Pruasio aoid, 242 

deadly poison,. . . 244 

Pyrites, 300 

Pyrometer, 30 

Q. 

Quicklime, 283 

Quioksilver, 258 

Quinia, '. 392 

sulphate of, 393 

Realger, 306 

Red oxide of copper, 317 

lead, 320 

precipitate, .... 261 

Reflectors, 34 

Resins, .•. 380 

Respiration, 397 

Receiver, 128 

Retort, 128 

Rhodium, 271 

Rust of iron, 299 

Rutherium, 323 

S. 

Saccharine fermentation, .... 381 

Salts of the hydracids, 348 

Safety-lamp, 232 

Sal-ammoniac,^ 346 

Salifiable bases, 324 

Salt, common, 277 
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Salt of sorrel, 868 

lerocMis, 370 

Salts, remarks on, 324 

crystallization of, 325 

nomenclature of, 324 

number of, 325 

Sap of plants, 355 

Scale of equivalents, 124 

for gravity, 135 

Seeds, germination of, 352 

Serum, 396 

Silica,.. 293 

Saicium, 293 

Silver, 263 

nitrate of, 263, 336 

solvent of, 263 

German, 314 

Silvering powder, 264 

ivory, 264 

looking-glasses, .... 260 

Simple bodies, what, 123 

number of, 122 

Smalt, 313 

Soap, 345 

Soda, 276 

carbonate of, 345 

muriate of, 277 

phosphate of, 341 

borate of, 342 

sulphate of, 328 

Sodium, 276 

protoxide of, 276 

chloride of, 277 

Soittt spectrum, 59 

phosphor!, 61 

Solids expand by heat, 29 

Solution of salts, 326 

Soils, elements of, 359 

Sources of caloric, 57 

Spar, Derbyshire, 343 

hcavv 329 
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Speoifio grayity, 134 

how taken,... 135 

of solids, 135 

of liquids,... . 137 

of gases, 139 

table of,.. 136,256 

Spirituous liquors, 383 

Starch, 373 

Steam, 17 

latent heat oi, 14, 17 

engine, 18 

Steel, combustion of, 155 

Strontian, 281 

protoxide of, 281 

Strychnia, 393 

Sngar, 372 

how made, 372 

beet, 372 

maple, 372 

of lead, 367 

refined, 372 

Sulphates, 327 

of copper, 206 

of alumina, 330 

of baryta, 329 

of lime, 329 

of magnesia, 331 

of iron, 332 

of potash, 328 

. of soda, 328 

of zinc, 333 

Sulphur, 204 

and hydrogen, 206 

and oxygen, 204 

chlorurct of, 218 

chloride of; 218 

Sulphuric ether, 389 

Sulphurous acid, 204 

Solphuric acid, 206 

Sulphide of carbon, 248 

Snipbmreted hydrogen, 239 



Synthesis, chemical, 10, 167 

Symbols, chemical, ......... 143 

table of; . . 143 
Syphon, solid, .* 260 

T. 

Table of equivalents, 122 

metab, 123 

elements, 88 

essential oils, 377 

q>ecific caloric, 42 

temperatures, 55 

specific weights, .... 136 

Tannm, 375 

Tantalum, 309 

Tannic acid, 375 

Tartar emetic, 369 

cream of, 369 

Tartaric acid...... 369 

Tellurium, 316 

Temperature, animal, 401 

Temporary magnet, 93 

Terbium, 322 

Theory of atoms, 125 

galvanism, 87 

Thermometer, .' 44 

air, 45 

registering, ... 48 

construction of,. 46 

difierential, ... 45 

Fahrenheit's, . . 47 

Six's, 48 

Thermo-eleotrical pile, 38 

Tin, 303 

uses of, 304 

oxides of, 304 

Titanium, 816 

Tones, musical, 162 

Transmission of heat, 37 

Trough, galvanic, 78 

Triple salts, 827 
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Tongrten, 309 

Tongstio aoid, 309 

TnrpentiMjOaof, 377 

U. 

Uranium, 311 

y. 

Vanadium, 321 

Vanadiates, - 312 

Vaporization, 43 

Vim Helmont's willow, 354 

Vegetation, 353 

aotirce of oxygen, . 183 

Vegetable aoida, 366 

alkaloids, 390 

oils, 376 

alkalies, 324 

ohemistiy, 352 

Vegetables, analysis of, 363 

ultimate principles of, 364 

Verdigris, 317, 367 

Veratria, 393 

Verditer, 317 

Vermilion, 263 

Vinegar, 366 

Vital action, 57 

Vitriol, blue, 206 



green, 



332 



white, 333 

oil of, 206 

Volumes, theory of, 115 



Vdta's pQe, 76 

Volatile oils, 376, 377 

W. 

Water, 168 

analysis of, 176 

analysis of mineral, . . . -415 
absorbed by' plantsj . . . 358 
absorbs gases, ..;. ^ . . 171 
contains air,.... ..... . 171 

decomposition of, .. 83, 176 

prc^rties of, ; 169 

oxygenized, 172 

expands by freezing, . . 170 

boiling of, .21,28 

synthesis of, 10, 167 

weight of, 170 

Wells, caution about, 157 

White arsenic, 305 

White vitriol, 333 



Yttria, 293 

Z. 

Zinc, 301 

■ flowers of, 302 

oxide of, 302 

sulphate of, 333 

Zaffree, 313 

Zirconia, 293 

Zero, 45 
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